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ABSTRACT

Gullfaks Sar has the biggest hydrocarbon in place among the Gullfaks Satellites.
It is divided into 6 parts based on compartmentalization. From the given pressure
data, we can see that the compartments has approximately the same pressure

initially, while after producing for a while the pressure is dispersed. This indicates

poor communication between the different compartments in the later stages.

Because there is oil left in our reservoir so there is a plan to build more wells (2
injectors and 4 producers) in order to recover more oil. Thus we have to make an
economics evaluation for comparing two cases so that we can find a better

solution for our reservoir.

We have used ECLIPSE to simulate the performance of the reservoir and to
compare the Reference case and the Extended Case. We can see from the
simulation that the history matching of the gas rate is quite good, while for the oil
rate, there is a little error which can be acceptable. However, for the water rate,
there are quite significant errors where the simulation model has constantly
predicted higher values than the real data. When we look at each well, in order to
specify the problems of our system, we find that the error of the oil in the field
data come from smaller errors for each well. However, for the water we cannot
find the specific reason due to limited information. The reason might be because
of uncertainties such as aquifer. We conclude that we can use the simulation
model for oil and gas from ECLIPSE, while for water we might have to make

some corrections before using them.

From the Extended Case simulation we found that the 4 additional producer wells
and 2 injector wells will give us additional 4 MSm3 produced oil. The recovery
factor will be from 19 % become 28%.
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In order to make economical comparison for each case, we have considered the
Net Present Value (NPV) for both of them. We have to make several
assumptions as we have limited data available, i.e. oil prices, expenditure etc.
Finally, although we found that the payback periods of the Extended Case is
longer than the Reference case, the Extended Case provides a higher NPV. We
can therefore recommend Statoil to add six new wells to the Statfjord Formation
(Extended Case).

GROUP 4

MASOUD GHORBANI SARAN SIRIMONGKOLRAT

KATRIN JACOBSEN RIA SUSANTO ASHISH BHANDARI
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1 Gullfaks Sgr Introduction

The introduction of Gullfaks Sgr is a summary of the “Reservoir Management Plan
(RMP) for the Gullfaks Field and Gullfaks Satellite 2007 [1] and the “Statoil
Presentation about Gullfaks Ser” [2, 3].

The Gullfaks Ser Statfjord Formation is developed by the E, F, and G subsea templates,
which is flowed and processed into the Gullfaks A (GFA) platform. The production from
the Gullfaks Satellites is limited by the platform’s gas capacities. This is particularly so in
the case of GFA, so it is important to keep the gas/oil ratio (GOR) in the wells as low as
possible. Since the strategy for the satellites has been to drill wells with long horizontal
reservoir sections in the down-slope direction and to produce each well from sands with
different properties, it is important to be able to plug back zones having a high GOR. Due
to the costs of well intervention using mobile installations, the focus is now on
completion using zone control for new wells/sidesteps so that the GOR in the well stream
can be regulated. We will discuss zone control using smart wells/ICD in part B.

Gullfaks

_—— S—
R -

Figure 1-1 The Gullfaks field
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The main focus for the Gullfaks Satellites (SAT) is oil production, but Gullfaks Sgr Brent

has produced gas for export since October 2007.

Table 2.3.1: Hydrocarbon systems on the Gullfaks Field and Gullfaks Satellites

Reservoir Gullfaks Gullfaks Rimfaks Gullveig Skinfaks | Gulltopp | Alun
Field South
Brent Group | Qil with gas Oil with Oil with Qil with Oil with Qil
cap gas cap gas cap gas- gas
cap cap
Cook Oil Hydrocarbons il
Formation (Segment 23C)
Statfjord Oil Oil with Oil with Gas Oil
Formation gas cap gas cap
Lunde Oil Oil with Oil and gas
Formation gas cap
Krans Oil, gas and -
Formation condensate

Figure 1-2 Hydrocarbon systems on the Gullfaks field and Gullfaks Satellites

1.1 Geology

Gullfaks Sgr represents the deepest
structural level in Gullfaks SAT,
with top reservoir at 2,860 m TVD
MSL (True Vertical Depth Mean
Sea Level). In terms of both area
and total resources in place, it is
clearly the largest of the four fields
of Gullfaks SAT (Gullfaks Ser,
Rimfaks, Skinfaks, Gullveig and
Gulltopp).

The Gullfaks Sar structure has

traditionally been divided into
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three structural domains from west to east: the domino system, the transitional area and

the horst complex (Fig. 1-4). Faults in the Statfjord Formation are generally dominated
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by low permeability in fault rocks that are likely to restrict fluid flow. Obviously, this
would contribute to the general poor flow characteristics of this reservoir.

34M10-2 Horstsystem
200 | Mimheks 3 y
oy {f‘:‘ - Tilpasnings system it

2500

[} HL‘

3000 3000

3500 ‘ 3500
4000 4000

4500

Dypm
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6000 6000

6500

6500

Figure 1-4 General cross-section of Gullfaks Sgr
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Figure 1-5 Gullfaks Sgr Statfjord Formation

The Statfjord Formation is divided into three formations: Nansen, Eirikson and Raude.
The permeability and Net/gross of the different formations give us a good understanding
of the reservoir characteristics and is shown below. Nansen and Eirikson are very good

reservoirs while Raude is an average good reservoir. This is shown in Figure 1-5.
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Permeability:
o Good sands: 500-5000 mD
o Middle good sands: 100 — 500 mD
0 Poor sands: 1-100 mD

Net/gross value is 0.5 in the reservoir, and average porosity 20 %.

Gullfaks Ser is divided into 6 parts based on compartmentalization as shown in Figure 1-
6

Figure 1-6 Compartments in Gullfaks Sgr

Based on pressure-data given in Figure 1-6, we can see that the formation pressure of

Nansen, Eirikson and Raude is quite close initially, which could indicate pressure
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communication among the segments in 1999. At the time the wells start to produce, and

particularly from 2004, the pressures start to scatter.

- FRaude 1 = RAudeZ Eifkssan 1 Erkzzon 2 = Elfkssan 2 = Marsen 1.1
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Figure 1-7 Pressure development in GFS Statfjord. RFT pressure measured during drilling of the
various wells
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Table 3.8.10: Resarvoir data for the Sizzfjord Formesion, Gultfaks Sooth Pressures and sepeparasomes maarmred

1.1.1 Geology Data

ralative oo the danim depch Bk 45

For the simulation and comparison later in the report it is important to look at the

different reservoir data shown in Figure 1-8.
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Figure 1-8 Reservoir data for the Statfjord Formation, Gullfaks Sgr Pressures and temperatures
measured relative to the datum depth
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1.2 Reference Case and Extended Case

There are two cases for the Gullfaks Sgr reservoir modeling in the assignment for
Gullfaks Village 2010. The purpose of the Reference case is to learn about Gullfaks Sgr’s
reservoir performance and the purpose of the Extended Case is to see if it is liable to add
6 wells in the Gullfaks Ser Statfjord Formation. The simulation of the Gullfaks Sgr

Reservoir is conducted from 14 zones/layers as shown in Figure 1-9.

*Ny Modell ' .
Gnl sonering Hy sonering
1,2,3 Hansen 2+1.3
4,5 Hansen 1.3
6,7 Hansen 1.2
g Nansen 1.1
a,10 Eiriksson 3
11 Eiriksson 2
12 Eiriksson 1
13 Eiriksson 1
14 Raude 2
15 (zatt inaktiwvt) Raude 2

LR R k]

Figure 1-9 Zones in Gullfaks Sgr Statfjord Formation

In the Reference case there are eight production wells: F-1, F-2_ML, F-4AT3H, G-1H,
G-2T3H, G-2_ML, G-3T2H, G-4H and 3 injector wells: E-1Y3H, E-2BH, E-3H. The

placements of the wells are shown in Figure 1-10.
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2553 '.
it
O \\\ i

Figure 1-10 Reference case

The Extended Case has four additional production wells: W1, W2W3, W4W5, W6W7
(Omega Qil) and two additional injector wells: GI-2, GI-4 (Omega Gas). It can be seen in
Figure 1-11. There haven’t been any production wells in segment Al before, and it is

therefore a lot of uncertainty associated with drilling new wells in this segment.
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Omega
Gas

Omega
Qil

Figure 1-11 Extended Case
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1.2.1 Well by Well Review

In the Reference case there are eight production wells: F-1, F-2_ML, F-4AT3H, G-1H, G-2T3H, G-2_ML, G-3T2H, G-4H and 3
injector wells: E-1Y3H, E-2BH, E-3H. The Extended Case has four additional production wells: W1, W2W3, W4W5, W6W?7 and two

additional injector wells: GI-2, GI-4 (Table 1-1).

Production Well |Injection Well
F-1 E-1Y3H
F-2. ML E-2 BH
F-4 AT3H E-3H
G-1H Gl-2
G-2 T3H Gl-4
G-2_ML

G-3 T2H

G-4H

W1

W2W3

WA4AWS5

WEW7

Table 1-1 Overview of the production wells and injection wells

The wells oil production rate (WOPR), wells water production rate (WWPR), wells gas production rate (WGPR), wells gas oil ratio
(WGOR), wells water cut (WWCT) and wells gas injection rate (WGIR) can be reviewed by the tables below. The tables are used to

briefly compare the average and maximum production and injector wells parameters.
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Production Well F-1 F-2 ML F-4 AT3H |G-1H G-2 T3H |G-2 ML G-3T2H |G-4H W1 W2W3 WAWS W6W7
max 600 400 400 883 1391 450 878 600 500 800 800 800
WOPR (Sm3/day) |average 190 143 218 365 328 270 282 522 223 273 314 238
max 218 609 363 261 391 1133 9 520 119 273 440 113
WWPR (Sm3/day) |average 132 243 90 42 68 237 2 308 70 92 213 8
max 5.00E+05| 3.00E+05]| 4.48E+05| 3.27E+05| 2.63E+05| 6.50E+05| 9.52E+05| 5.00E+05] 1.00E+06] 1.00E+06| 1.00E+06| 1.00E+06
WGPR (Sm3/day) |average 4.68E+05| 2.31E+05] 3.34E+05| 2.00E+05| 6.54E+04] 3.55E+05| 3.86E+05| 3.75E+05| 9.10E+05] 9.28E+05| 9.32E+05[ 9.84E+05
max 5429 5475 9069 1166 306 2200 1851 2212 10357 11534 8780 11792
WGOR(Sm3/Sm3) |average 3148 2636 3241 623 200 1561 1396 818 5866 6163 4507 6488
max 0.68 0.84 0.75 0.33 0.40 0.69 0.03 0.46 0.42 0.39 0.64 0.12
WWOCT (fraction) |average 0.42 0.67 0.32 0.07 0.18 0.49 0.01 0.36 0.28 0.29 0.46 0.03

Table 1-2 WOPR, WWPR, WGPR, WGOR and WWCT for the production wells

Well Name E-1 Y3H |E-2 BH E-3H G-2 G-4
WGIR maximum | 1.14E+06| 1.00E+06| 1.50E+06| 1.20E+06|1.20E+06
(Sm3/day) |average 7.95E+05| 9.82E+05| 1.50E+06| 1.20E+06|1.20E+06

Table 1-3 WGIR for the injector wells

From table 1-2 we can see that all the production wells have a good performance.

We want WGOR and WW(CT to be as low as possible in order to have an efficient well and because of the limited processing capacity
to the Gullfaks A Platform. From table 1-2 we can see that G-3 T2H is a very efficient well since the values are very close to zero. F-
1, F-4 AT3H, G-2 ML, W4WS5 and especially F-2 ML have lower efficiency and do not produce as well as the other wells.

For the injection wells the Well Gas Injection Rate is approximately the same (table 1-3) with minor dissipations.
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2 History matching

2.1 Pressure History Matching

Reservoir Pressure Depth is in datum = 3300 m MSL (Figure 1-8), but the well bottom

hole pressure depths are varied as table below.

Days in
Well Depth, m | Depth, m |Start-up date |Failure date | operation
MD RKB | TVD RKB
F-4 AH
T3 1,967.1 1836.5 29/04/1999 07/07/2004 1896
G-1H 3,538.4 3127.0 07/02/2004 26/10/2004 262
Zone
1(ann.) 3,686.8 3,217.7 07/02/2004 26/10/2004 262
Sone 2
(tub.) 3,686.8 3,217.7 0702/2004 07/02/2004 0
G-2HT3 N/A N/A 13/04/1999
G-2 YH 2,893.0 2,761.0 26/07/2004 30/09/2006 800
Y1 2,893.0 2,761.0 26/07/2004 30/09/2006 800
Y2 3,115.0 2,937.0 26/07/2004 30/09/2006 800
G-3HT2 | 3,880.6 3,226.2 07/07/2001 08/12/2004 1,252
== L, D0 LJT W LI LT L 1aJg
F-2YH 3,258.0 3001.0 22/11/2004 12/02/2005 83
Y1 3,323.0 3046.0 22/11/2004 12/02/2005 83
Y2 3,323.0 3046.0 22/11/2004 12/02/2005 83
F-3H 3,952.9 2891.8 26/08/2000 26/10/2001 456

Table 2- 1 Wells Pressure Gauge Depth

There are only 5 wells bottom hole pressure gauge depth data available of Gullfaks South
Statfjord Formation in RMP 2007 (table 2-1). Then we assume oil density is 835 kg/m3,
and in the below calculation formula, the fluid is assumed only oil to simplify the

calculation.

dP corrected = (datum depth-gauge depth)(gravity)(oil density)
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From the calculation, corrected pressure difference is varied from 6 to 122 bar (table 2-2)
due to different datum depth (reservoir) and wells gauge depth (without RKB (Rotary
Kelly Bushing) and MSL depth correction due to no data available).

datum 3300 m TVD
oil density assumption 835 kg/m3
well name pressure gauge depth |pressure difference
F-2 YH = F-2 ML 3001.00 24.9665
F-4 AT3H = F-4 AHT3 1836.50 122.20225
G-1H 3127.00 14.4455
G-2 YH 2761.00 45.0065
G-3HT2=G-3 T2H 3226.00 6.179
Table 2- 2 dP datum corrected
FPRUS TIME (REFEREMCE_CASE) WEHPHO- 1HUS TIME(REFEREMCE_CAS  WEHPHCGZ2_MLUs TINE(REFERENCE_C— WEHPHG-ST2H VS TIME (REFEREMCE_CY
WEHPH:E- 1WEHUS TIME (REFEREMCE_C— WEHPH:F 1 Us TIME (REFERERCE_CASE—— WEHPH:G 4H U TINE (REFERERCE_CAS WEHPH:E-SH Lz TIME (REFEREMCE_CAS
WEHPH: - 4AT3H Uz TIME (REFEREMCE_L WEHPH:F2_HLus TIME(REFEREMCE_C— WEHPH:G 2T3H ws TIME (REFEREMCE_C! WEHPH:G-SYIHT4 U5 TIME (REFEREMCE.
_M\"_‘-—
400 =
1 _
300 —
200 —|
100 —
O i T T T I T T T I T T T I T T T T I T T T T I T T T T I
¥ 2000 4000 6000 §000 10030 12000
TIME DAYS

Figure 2-1 Reservoir Pressure at datum vs History of Wells Bottom Hole Pressure at gauge depth
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In the above picture, based on production history the maximum deviation from reservoir
pressure (red line) come from F-4 AHT3 (black line) and the minimum is from G-3 T-2H
(blue line). If we compare to table 2-2, F-4 AHT3 has the highest corrected dP (122 bar)
and G-3 T2H has the lowest corrected dP (6 bar). Roughly, we could see maximum
deviation is approximately 100 bar from F-4 AHT3, which is quite significant difference
pressure (20% from initial pressure). The deviation may be caused short time shut in

pressure, or complete compartment segment reservoir so no communication.

FPRuz TIME(REFEREMCE_CASE) 'WEHP:F4ATEH ws TIME (REFEREMCE_C! WEHP:G-4H us TIME (REFEREMCE_CASE WEHP:F-2_hiLws TINE(REFEREMCE_CA

WEHP:E- 1¥3H L= TIME (REFEREMCE_CA— WEHP.G- 2T3H L TIME(REFEREMCE_CA WEHP:E- 3H us TIME (REFEREMCE_CASE WEHP:G- 1H u= TIME (REFERERCE_CASE

WEHP:E-2EH U= TINE (REFERERCE_CAT— WEHP:G- 3T2H s TINE(REFEREMCE_CA/ WEHP:F1 U5 TINE[REFEREMCE_CASE) WEHP:G-2_nLus TINE(REFEREMCE_CA
—Emy—T T

400
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7 e
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o] 2000 4000 5000 S000 10000 12000
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Figure 2-2 Reservoir Pressure at datum vs Wells Bottom Hole Pressure at gauge depth

Wells have variation deviation from reservoir pressure (Figure 2-2). On the other hand,
some wells have no available actual data, so we cannot compare them with simulated

reservoir pressure.
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2.2 Oil History-matching

We first look at the oil production rate for actual model (FOPRH ) and simulation
model(FOPR)

FOFEA v2. ONIECNEFENEADRE DAFE)
fOFE v ORIE[NEFEREADE DASE)

3000 T

FOPR,FOPRH  SM3/ DAY
=
=
=
|
= —

W &xis - FOPR,FOPRH

1/1114::1 ! 1,»’1'/07 ! mlfm ! 1,»’1'/19 ! 1,»’1',’25

Figure 2-3 FOPRH vs FOPR

The green curve is the history model (actual data), while the blue one is
simulation data. There is not much different between both graphs. We found the
maximum error is about 300Sm3/d or about 30% but most of the data is not having much

error that means we can use the simulation to predict behavior of reservoir.
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2.3 Water History-matching

We consider water cut for both history (actual value (FWCTH)) and simulation
value (FWCT).
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Figure 2-4 FWCTH vs FWCT

The blue one is actual water-cut curve and the red one is a simulation value from
Eclipse. We can see from the graph that there is much more error for the simulation of

water-cut. The maximum error is about 0.3 which is 75%. Thus we should consider the
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value of water so much in the simulation. The value of water-cut is mostly under-
estimated. Actually, this error in the water-cut is due to the contribution from F-2_ML for
matching with the Pressure history data, and as a consequence it adds aquifer and this

aquifer produces water higher than the history data.

Thus we consider the water production rate.
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Figure 2-5 FWPRH vs FWPR

The blue one is actual water production curve and the red one is a simulation
curve. We can also see that there is not so much error between 2004-2008, same as water-

cut, we should have a correction for water production before using.
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2.4 Gas History-matching
We consider Gas-Oil Ratio to see if there is a big error between actual data and

data from the simulation.

Mol v: PAIECNEFCNEADE DAFE]
MODEH w2 ONTE[NEFENEADE DASE]
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DATE
Figure 2-6 FGORH vs FGOR

The green curve represents simulation value of gas oil ratio (FGOR) and the red
one is actual Gas-Oil Ratio(FGORH). We can see the maximum error of the value is
about 400Sm3/Sm3 which is about 40% however most of the data do not have so much

different between both value.
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Then we consider the gas production rate.
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Figure 2-7 FGPRH vs FGPR

The green curve represents simulation value of gas production rate (FGPR) and
the red one is actual gas production rate (FGPRH). We can also see that the simulation

model for gas is almost the same as the actual data so we can trust for the gas model.

IOR Challenge Part A | 3BHistory matching





IOR: GULLFAKS S@R STATFJORD

2.5 WELL BY WELL HISTORY MATCHING

Because field value in Eclipse represent overall reservoir which is a large scale,
then if there are some errors in the field value it is difficult to find the cause of the
problem. Thus, we try to see well by well in order to match actual data and history, so
that we can find the well which has so much errors and try to fix make a correction in that

well to make a value of simulation data more realistic.

There are Well F-1, F-2_ML, F-4 AT3H, G-2_ML, G-1 H, G-2T3H, G-2_ML, G-3 T2H
G- 3Y3HT4,G-4 H ,however there was no history for well F1, G-4H and well G-
3Y3HT4 was shut.

The figure we considered is used from APPENDIX A

2.5.1 F1
Water — no history

Oil - no history
Gas — no history

2.5.2 F-2_ML
Gas — the history and the simulation model give almost the same value so that the value

of simulation in this well can be reliable. There is an error in GOR, not due to bad
calculation of gas but because an error in oil calculation.

Oil — the simulation value of oil in this well is underestimated than the actual data. But
we cannot conclude the reason why there is an error because of lacking of the pressure
data. May be we have to change some value regarding to this well or make some
corrections to oil data.

Water — there is an error in water production. Same as oil,we cannot conclude the reason

why there is an error because of lacking of the pressure data.
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2.5.3 F-4AT3H
Gas — there is error in this well but we can suggest that this may due to the bad

calculation of bottom-hole pressure which the model overestimate the pressure.

Oil —there is error in the beginning which may result from wrong calculation of pressure.
However after 2004 the simulation data did not have much error.

Water — there is quite some errors in this model. The simulation model over-estimated the
water production . So, for predicting the water for this well, we have to reduce the value

we get from simulation.

2.5.4 G-1H
Gas — there is little error for gas simulation. There is an error in GOR, not due to bad

calculation of gas but because of an error in oil calculation.

Oil —there is error in oil calculation, the simulation model have a higher value than the
history. However, we cannot find the reason of an error because we lack the pressure
data.

Water — there is so much error in water model. May be the reason is an estimate error in

the aquifer around the well.

2.5.5 G-2T3H
Gas — the history and the simulation model give almost the same value so that the value

of simulation in this well can be reliable. There is an error in GOR, not due to bad
calculation of gas, but because of an error in the oil calculation.

Oil - the history and the simulation give almost the same value so we can rely on this
model too.

Water — there is an error in this calculation, may be this because wrong aquifer data

because there is no error in bottom-hole pressure.

2.5.6 G-2_ML
Gas — there is almost no error for gas model so we can rely on this model.
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Oil — There is error in oil model may be because wrong calculation of pressure.

Water — there is so much error in water perhaps due to wrong calculation of pressure.

2.5.7 G-3T2H
Gas — there is almost no error for gas model so we can rely on this model.

Oil — There is little error for this calculation may be due to wrong calculation of pressure.
Water — The simulation model always under estimate the value of water production. So

we have to do corrections before using this data.

2.5.8 G-3Y3HT4
This well is shut.

2.5.9 G-4H
Gas — there is no history for this value

Oil — there is no history for this value

Water — there is no history for this value
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3 Field Review after adding 4 Producer Wells and 2

Injector Wells

3.1 Summary

Based on observation and evaluation of the figures in Appendix A, well by well review,

we can see that the additional wells have different effects to the existing wells:

e Acceleration Field Effect: the drainage area of the existing wells is reduced due to
the new wells and the cumulative oil production per well in the Reference case is
higher than the Extended Case. Well F-1, F-2_ML, F-4 AT3H, G-2_ML, G-4 H.

e Some of the existing wells are slightly affected by the new wells (G-2 T3H) while
others are not affected at all (G-1 H, G-3 T2H).

e Drain shut in well G-3 Y3HT4. The well is shut in and do not produce, probably
because of a problem in the well. This well’s reduction in bottom hole pressure

means that the new wells drain from the drainage area of G-3 Y3HT4.

Adding 4 producer wells and 2 injector gas wells (Extended Case) will add 4 MSm3
produced oil (Figure 3-2) compare to Reference case. On the other hand, we need to
consider the surface facilities capacity for gas and water since the estimated maximum
water rate will increase to 1400 Sm3/day and the estimated maximum gas rate will
increase to 5.5 MSma3/day.

We recommend that the location for the new wells should be elected with sensitivity in
order to optimize the hydrocarbon (oil and gas) recovery and this way maximize the
profit. This is because some of the new wells are producing in the same drainage area as
the already existing wells. This will result in reduced drain efficiency in the existing

wells, but it will also accelerate the production of the total field.
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Oil Production
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Figure 3-1 Oil Production Rate Field
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Figure 3-2 Cumulative Oil Production Rate Field

Six new wells give us an increased oil production of 4 MSm3 from the Reference case
(Figure 2-2) and a maximum oil rate of 4000 Sm3/day (Figure 2-1). The recovery factor
will be from 19 % become 28%.
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3.2 Water Production
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Figure 3-3 Water Production Rate Field

The maximum water rate in the Extended Case is 1400 Sm3/day (Figure 2-3), which
should be considered in relation to the surface facilities capacity. Based on the water
production profile of the Extended Case (blue line), we have higher production of water
at early stage and smaller production of water at late stage compared to the Reference
case. We could see bounded/limited aquifer indication when comparing the Reference
case and Extended Case.
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Figure 3-4 Cumulative Water Production Rate Field

Six new wells give us an increased water production of 1 MSm3 (Figure 2-4) from the

Reference case

3.3 Gas Production
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Figure 3-5 Gas Production Rate Field
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Figure 3-6 Cumulative Gas Production Rate Field

Adding 4 production wells and 2 injection wells result in additional 14 GSm3 production
of gas (Figure 2-6) with a maximum gas rate of 5.5 MSm3/day (Figure 2-5). The daily
production rate should be taken into consideration with a view to the surface facilities

capacity.
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3.4 Reservoir Pressure
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Figure 3-7 Reservoir Pressure

In 2030 the reservoir pressure will be 100 bars for case with 6 additional wells. This is

expected since the pressure will drop faster as the reservoir will drain more quickly with

additional production wells.
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3.5 Field Water-cut
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Figure 3-8 Field Water Cut

The reduced water cut in the Extended Case means that the efficiency of oil gain

compared with produced water has increased.
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3.6 Field Gas-0il Ratio
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Figure 3-9 Field Gas Oil Ratio

Additional of 4 producer wells and 2 injection gas wells, generally contribute to higher
GOR. But in 2015 the GOR is lower in the Extended Case due to higher oil rate, although

at this time produced gas is also higher.
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4 The Economic evaluation
In these subsequent sections we have evaluated both the cases in the fundamental

economic analysis. Firstly, we have considered the Reference case, in which we have 11
wells, consisting of 3 injectors and 8 producers. These wells are located in the Statfjord

Formation, and they were drilled from 1999.

In the Extended case we have added 6 new wells, consisting of 4 producers and 2
injectors, which will be drilled in 2015 with a new drilling platform. Although, we have
to spend much money to invest initially (the Extended case), but we will have much more
additional oil from this scheme. Thus we have to consider both the cases and find the

most favorable operational conditions for the case that is optimal.

4.1 Objective
We have done separate analysis for the two cases to do a comparison between

both the cases, the Reference case and the Extended case, in order to consider which case

provides a better solution.

4.2 Procedure
There are many ways to make an economics evaluation. We have chosen to use

NPV (Net Present Value) to evaluate our project. The NPV model integrates a large
amount of information and tracks the future cash flow contributions of the major
stakeholders.

Since money is time-depending, the annual net cash flows need to incorporate the
timing of the cash-flow to account for the effect of the time value of money. This is
particularly necessary for atypical E&P (Exploration and Production) projects, because

they are spread over many years.

There are various inputs to this model. These numerous inputs can be categorized
as different scenarios, for instance a high and a low oil price. The forecasts of the oil
price is shown with three different scenarios: the High Case, the Low Case and the Base
Case.
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We calculate the cash flow in each year by using the following formula:

Net cash flow = Revenue — CAPEX — OPEX — Royalty — Tax

We can calculate the NPV by using net cash flow multiplied by discounted factor
so that we get net present value. Then we can compare the values and get the overall net

present value for both cases and find an optimal solution for this project.

4.3 Assumptions

Due to the limited data that was provided to us for the two cases, we had to make
some assumptions for our calculations. However, we have encapsulated our assumptions

to make as close to a realistic value as much as we can.

4.3.1 The oil price
We get the historical oil price from 1999-2008 from:

http://inflationdata.com/inflation/inflation Rate/Historical Oil Prices Table.asp

For the rest of them we use the value from

http://qullfaks.ipt.ntnu.no/gullfakslandsbyen/2009/ which is the data given from

Statioil last year.
To simplify the calculation we assume that the oil price is constant throughout the
year, then the revenue of oil is simply calculated from volume of oil in each year

multiplied by oil price in each year.

4.3.2 Netrevenues
The net revenue from this project come from selling gas only so we neglect the

revenue from selling any gas.

4.3.3 Operating expenditure (OPEX)
OPEX is an operating expense is a day-to-day expense such

as sales and administration, or short term expenditure. We divided OPEX into 3 parts:
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e Field offshore — is the cost due to offshore operation for example
maintenance cost, chemicals etc. We assume 5000000 NOK/year for this
cost

e CO2 duty —is the cost related to the amount of CO2 that was produced
during operation, for instance eliminating flare. We assume 1000000
NOK/year constantly

e Gas oil transportation — is the cost due to production because after we
produce oil we have to transport to customer. The more oil you produce
the more cost of transportation. Thus we assume this expenditure cost 1%

of oil revenue.

4.3.4 Capital expenditure (CAPEX)
CAPEX is incurred when a business spends money either to buy fixed assets or to

add to the value of an existing fixed asset with a useful life that extends beyond the
taxable year. We divided CAPEX into 3 main parts:

e Platform or subsea — we assume 5000 MNOK for platform and 3500 for
subsea wellhead. We also assume that we have to pay on only 1 year.

e Production unit — is the cost of production facility for example pump,
compressor etc. We assume the value of these facilities cost 100 MNOK
and cost in the same year of building platform or subsea wellhead.

e Drilling cost — is the cost of drilling 1 well. We assume that we have to
pay 100 MNOK per 1 well.

Some of the data are brought from Visund field and modified a little.

4.3.5 Royalty
Royalty is one of the manner in which the host government claims an entitlement

to income from the government from the production and sale of hydrocarbon on behalf of
host nation. Royalty is normally charged as a percentage of the gross revenues from the

sale of hydrocarbon. We have assumed the royalty rate to be 0.1

IOR Challenge Part A | 5B6BThe Economic evaluation





IOR: GULLFAKS S@R STATFJORD

4.3.6 Taxation
Tax is also one of expenditure which we have to pay for the government. To

calculate tax we use
Tax payable = Taxable income x Tax rate
Taxable income = Revenue — Fiscal allowance

Fiscal allowance = Royalty + OPEX + Capital allowance

CAPITAL ALLOWANCE is not a cash-flow item, but is only calculated to
enable the taxable income. Capital allowances are deducted in computing the taxable
profits as if they were a real expense of the business. This may lead to increasing a loss,

or turn what would have been a profit into a loss.

For simplification we use straight line capital allowance method for calculating
the capital allowance from the value of CAPEX divided by 5 for each instant. So we have

capital allowance which is 20 % of the initial CAPEX per year for five years.

If the tax payable is negative then we do not have to pay tax for that year.

We use 30 % for tax rate.

4.3.7 Discount rate
We use the discounted rate = 8 % annually which is given from

http://qullfaks.ipt.ntnu.no/qullfakslandsbyen/2009/

4.3.8 Currency
we use the exchange rate of 6 NOK = 1 USD constantly throughout the

calculation.

4.4 Results from simulation of the base-case
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The simulation is run until 1* January 2030. The starting point for the simulation
is 1999. In order to make the calculations simpler we are evaluating the data from 1999
to 2029.

After we calculate using spreadsheet we get the result from this graph above.

2E+0Q -
Cumulative net present value (NOK) vs year
1E+09
<
(@]
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Figur A Cumulative net present value (cum NPV) for the Base-case

For the Reference case, the net present value for NPV = 569 MNOK with a
payback period around 2016. While in the Extended case we get NPV = 972 MNOK
with the payback period around 2018. After assuming that the oil-price follows the Base-
case, the cumulative cash-flows are equal in these two cases in 2019. The cumulative
NPV turns positive also for the Extended case, and then the revenues of Extended case
passes the Reference case after 2019. Thus the Extended case is the best option among

the two projects.
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Although we can show that the Extended case has a higher revenue than the
Reference case, we can not completely rely this model because it based on many

assumptions which can vary year by year such as the oil price, CAPEX, OPEX, etc.

4.5 Results from simulation of the High -and Low case

We now then change the oil prices in order to see the NPV result. We consider
high case which increase 40 % of oil prices and decrease 20 %. We got the value in

following table.

Oil price (US$/bbl) Base High +40% Low -20%
2010 65 91 52
2011 68 95.2 54.4
2012 70 98 56
2013 70 98 56
2014 75 105 60
2015-2030 75 105 60

Then we get the NPV in the following figure.
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Figure 4-1- Cumulative net present value (cum NPV) for the High-case
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Figure 4-2 Cumulative net present value (cum NPV) for the Low-case

We can see that although we change oil price we still can conclude that
Extended case provide higher NPV than Reference case.

For the High case NPV of the Extended case is 2673 MNOK which is 3 times
higher than the base case.

For the Low case the revenue of the Extended case is quite low which is about
100 MNOK so if we compare with the money we invest it looks like we get so low profit,

and perhaps it is not reasonable to do this project.
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5 Conclusion

We can see from the simulation that the history matching of the gas rate is quite good,
while for the oil rate, there is a little error which can be acceptable. However, for the
water rate, there are quite significant errors where the simulation model has constantly
predicted higher values than the real data. When we look at each well, in order to specify
the problems of our system, we find that the error of the oil in the field data come from
smaller errors for each well. However, for the water we cannot find the specific reason
due to limited information. It may be because the model might be inaccurate or because

of uncertainties such as aquifer.

The 6 additional wells effects the existing wells in various manners. Some of them are
affected and contribute to accelerate the production of the total field while some of the
existing wells are not affected at all. The Extended Case gives 4 MSm3 more produced
oil in addition to the oil produced in the Reference case. The recovery factor will be from
19 % become 28%.

After we considered both cases by using Net Present Value (NPV) to compare each case,
we found that the payback period for the Extended Case is longer than the Reference
case. However the Extended Case provides a higher NPV than the Reference case.

6 Recommendation

We can use the simulation model for oil and gas from ECLIPSE, while for water we

might have to make some corrections before using them.

The maximum field gas rate (5.5 MSm3/day) and the field water rate (1,400 Sm3/day)
should be considered in relation to the capacity of the surface facilities to process gas and

water.
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The position of the new wells should be chosen with sensitivity, so that the new ones

won’t reduce the drainage area to the existing wells.

Since the NPV for the Extended Case is higher than in the Reference case, we can
recommend Statoil to add six new wells (Extended Case). However the Reference case
may be a good plan for the company which require the money to go back quickly to run
other projects. Although we can conclude from our calculation that the Extended Case is
a better solution, we must remember that our calculations are based on many
assumptions. We should therefore adjust our assumptions to be close to a real value so

that we will get a more realistic result.
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7 Appendix

Part A.

Note |

J

WO(W/G)PR = well oil(water/gas) production rate
WO(W/G)PT = well oil(water/gas) production total
WCT = water cut (water rate/(oil rate+water rate)
WGOR = gas oil ratio

WBHP = well bottom hole pressure

WGIR = well gas injection rate

WGIT = well gas injection total

Red: GFS_Restart
Blue: Reference_Case
: History_Case

Production Well Name: F-1, F-2_ML, F-4AT3H, G-1H, G-2T3H, G-2_ML, G-
3T2H, G-4H, W1, W2W3, W4W5, W6W7

Injection Well Name: E-1Y3H, E-2BH, E-3H, GI-2, GI-4
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Figure 7-1: "F-1"", WWPR
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Figure 7-2: "F-1", WWCT

TPG4851 - EXPERTS IN TEAMWORK






GROUP IV — GULLFAKS VILLAGE 2010

WOFEF' v2 DAIE [BFF NEFIANT)

WOFNF' ¢ ONIE (REFENEAOE DASE]
WOFEH w2 ONIE (REFEREADE DASE]

600 ]

S0

4040

SM3/DaY

3040

200

100

WOPR:F—1,WOPRH:F—1

1/1[101 1/1'/04 1/1'/0? 1/1'/10 1/1'/13 1/1I/18 1/1'/19 1/1!;’22 1/1'/25 1/1'/28
DATE

Figure 7-3: "F-1"", WOPR
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Figure 7-4: ""F-1"", WGPR
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Figure 7-5: "F-1"", WGOR
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Figure 7-6: "F-1"", WBHP
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Figure 7-8:"F-2_ML", WGPR
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Figure 7-9: ""F-2_ML", WOPR
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Figure 7-10: "F-2_ML", WWCT
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Figure 7-11: "F-2_ML", WWPR
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Figure 7-12: "F-2_ML", WGOR
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Figure 7-13: "F-2_ML", WBHP
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Figure 7-14: "F-2_ML", WOPT
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Figure 7-15: "F-4AT3H", WBHP
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Figure 7-16: "F-4AT3H", WGOR
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Figure 7-17: "F-4AT3H", WGPR
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Figure 7-18: "F-4AT3H", WOPR
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Figure 7-19: "F-4AT3H", WWCT
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Figure 7-21: "F-4AT3H", WWPR
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Figure 7-22: "G-1H", WBHP
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Figure 7-23: "G-1H", WGOR
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Figure 7-24: "G-1H", WGPR
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Figure 7-25: ""G-1H", WOPR

WWPR:G—1HWWPRH:G—1H  SM3 /DAY

S WWPRD- N DAIE(DFS BEFIANY
WAWFEH D 'H vz DRIE [REFENEADE DASE]

FEO-'H vz DATE [NEFENEADE DASE]

300 T

1/1'/01 1/1'/04

b h
1/1'/0? 1/1'/10 1/1'/13 1/1',/16 1/1'/19 1/1'/22 1/1'/25 1/1'/28
DATE

Figure 7-26: ""G-1H", WWPR
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Figure 7-27: "G-1H", WWCT
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Figure 7-28: ""G-1H", WOPT
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Figure 7-29: "G-2T3H", WBHP
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Figure 7-30: "G-2T3H", WGOR
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Figure 7-31: "G-2T3H", WGPR
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Figure 7-32: "G-2T3H", WOPR
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Figure 7-33: "G-2T3H", WWCT
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Figure 7-34: "G-2T3H", WWPR
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Figure 7-35: "G-2T3H", WOPT
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Figure 7-36: "G-2_ML", WBHP
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Figure 7-37: "G-2_ML", WGOR
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Figure 7-38: "G-2_ML", WGPR
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Figure 7-39: "G-2_ML", WWCT
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Figure 7-40: "G-2_ML", WWPR
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Figure 7-41: "G-2_ML", WOPR
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Figure 7-42: "G-2_ML", WOPT
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Figure 7-43: ""G-3T2H", WBHP
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Figure 7-44: ""G-3T2H", WGOR
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Figure 7-45: "G-3T2H", WGPR
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Figure 7-46: ""G-3T2H", WOPR
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Figure 7-47: "G-3T2H", WWCT
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Figure 7-48: "G-3T2H", WWPR
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IOR: GULLFAKS S@R STATFJORD

WOPT:G-3T2H ws. DATE (REFEREHNCE_CASE])
WOPT:G-3T2H wvs. DATE (GFE_RESTART)

400000

300000 —

2 _

2200000

L —

i

"I7 1

@ _

|gmoooo —

; —

0 T T T T T T T T T T
1100 11048 A//07 140 1443 116 0 A9 14,280 1/1/25 0 171,28
DATE

Figure 7-49: "G-3T2H", WOPT
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Figure 7-500: ""G-3Y3HT4", WBHP
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Figure 7-51: "G-3Y3HT4", WGPR
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Figure 7-52: "G-3Y3HT4", WOPR
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Figure 7-53: "G-3Y3HT4" WWPR
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Figure 7-54: "G-3Y3HT4", WGOR
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Figure 7-55: "G-3Y3HT4", WWCT
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Figure 7-56: "G-4H", WBHP
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Figure 7-57: "G-4H", WGOR
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Figure 7-58: ""G-4H", WGPR
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Figure 7-59: "G-4H", WOPR
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Figure 7-60: "G-4H", WWCT
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Figure 7-61: "G-4H", WWPR
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Figure 7-62: ""G-4H", WOPT
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Figure 7-63: "W1", WBHP
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Figure 7-64: "W1", WGOR
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Figure 7-65: "W1", WGPR
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Figure 7-66: ""W1", WOPR
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Figure 7-67: ""W1", WWCT
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Figure 7-68: "W1", WWPR
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Figure 7-69: "W1", WOPT
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Figure 7-70: ""W2W3", WBHP
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Figure 7-71: "W2W3", WGOR
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Figure 7-72: "W2W3", WGPR
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Figure 7-73: "W2W3", WOPR

WWCT:W2W3  dimensionless

— MMCTWMWE LS DATE (GFS_RESTART)

Q.400 —

Q.300 —

Q200 —

3,100 —

Q.000 =

1'/1/93 ! 1/1'/04 ! 1/1'/10 ! 1/1'/15 ! 1/1'/22 ! 1/1I/28
DATE

Figure 7-74: "W2W3", WWCT

TPG4851 - EXPERTS IN TEAMWORK m






GROUP IV — GULLFAKS VILLAGE 2010

T WW WEWG L DATE (BTF REFIANEY

300 —

200 —

100 —

WNPRMW2WE  SM3 /DAY

I I I I I I I I I I
1,/1,/98 1/1/04 1,110 11716 1/1/22 1,/1,/28

DATE

Figure 7-75: "W2W3", WWPR
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Figure 7-76: ""W2W3", WOPT
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Figure 7-77: "WAWS5", WBHP
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Figure 7-78: "W4W5", WGOR
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Figure 7-79: "WA4W5", WGPR
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Figure 7-80: "W4W5", WOPR
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Figure 7-81: "W4W5", WWCT
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Figure 7-82: "W4W5", WWPR
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Figure 7-83: "W4W5", WOPT
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Figure 7-84: "W6WT7", WBHP
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Figure 7-85: "W6WT7", WGOR
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Figure 7-86: "W6W7", WGPR
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Figure 7-87: "W6WT7", WOPR
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Figure 7-88: "W6WT7", WWCT
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Figure 7-89: "W6WT7", WWPR
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Figure 7-90: "W6WT", WOPT
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Figure 7-92: "E1Y3H", WGIT
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Figure 7-93: "E2BH", WGIT
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Figure 7-94: "E2BH", WGIR
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Figure 7-95: "E3H", WGIR
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Figure 7-96: "E3H" WGIT
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Figure 7-97: "GI2"WGIR
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Gullfaks Sør has the biggest hydrocarbon in place among the Gullfaks Satellites. It is divided into 6 parts based on compartmentalization. From the given pressure data, we can see that the compartments has approximately the same pressure initially, while after producing for a while the pressure is dispersed. This indicates poor communication between the different compartments in the later stages. 





Because there is oil left in our reservoir so there is a plan to build more wells (2 injectors and 4 producers) in order to recover more oil. Thus we have to make an economics evaluation for comparing two cases so that we can find a better solution for our reservoir.





We have used ECLIPSE to simulate the performance of the reservoir and to compare the Reference case and the Extended Case. We can see from the simulation that the history matching of the gas rate is quite good, while for the oil rate, there is a little error which can be acceptable. However, for the water rate, there are quite significant errors where the simulation model has constantly predicted higher values than the real data. When we look at each well, in order to specify the problems of our system, we find that the error of the oil in the field data come from smaller errors for each well. However, for the water we cannot find the specific reason due to limited information. The reason might be because of uncertainties such as aquifer. We conclude that we can use the simulation model for oil and gas from ECLIPSE, while for water we might have to make some corrections before using them.





From the Extended Case simulation we found that the 4 additional producer wells and 2 injector wells will give us additional 4 MSm3 produced oil. The recovery factor will be from 19 % become 28%.





In order to make economical comparison for each case, we have considered the Net Present Value (NPV) for both of them. We have to make several assumptions as we have limited data available, i.e. oil prices, expenditure etc. Finally, although we found that the payback periods of the Extended Case is longer than the Reference case, the Extended Case provides a higher NPV. We can therefore recommend Statoil to add six new wells to the Statfjord Formation (Extended Case). 
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Gullfaks Sør Introduction





The introduction of Gullfaks Sør is a summary of the “Reservoir Management Plan (RMP) for the Gullfaks Field and Gullfaks Satellite 2007” [1] and the “Statoil Presentation about Gullfaks Sør” [2, 3].





The Gullfaks Sør Statfjord Formation is developed by the E, F, and G subsea templates, which is flowed and processed into the Gullfaks A (GFA) platform. The production from the Gullfaks Satellites is limited by the platform’s gas capacities. This is particularly so in the case of GFA, so it is important to keep the gas/oil ratio (GOR) in the wells as low as possible. Since the strategy for the satellites has been to drill wells with long horizontal reservoir sections in the down-slope direction and to produce each well from sands with different properties, it is important to be able to plug back zones having a high GOR. Due to the costs of well intervention using mobile installations, the focus is now on completion using zone control for new wells/sidesteps so that the GOR in the well stream can be regulated. We will discuss zone control using smart wells/ICD in part B.
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[bookmark: _Toc254821803]Figure 1‑1 The Gullfaks field


The main focus for the Gullfaks Satellites (SAT) is oil production, but Gullfaks Sør Brent has produced gas for export since October 2007.
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[bookmark: _Toc254821804]Figure 1‑2 Hydrocarbon systems on the Gullfaks field and Gullfaks Satellites
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[bookmark: _Toc260661852] (
Figure 
1
3
 Fields and discoveries in the Gullfaks area
)Geology





Gullfaks Sør represents the deepest structural level in Gullfaks SAT, with top reservoir at 2,860 m TVD MSL (True Vertical Depth Mean Sea Level). In terms of both area and total resources in place, it is clearly the largest of the four fields of Gullfaks SAT (Gullfaks Sør, Rimfaks, Skinfaks, Gullveig and Gulltopp).





The Gullfaks Sør structure has traditionally been divided into three structural domains from west to east: the domino system, the transitional area and the horst complex (Fig. 1-4). Faults in the Statfjord Formation are generally dominated by low permeability in fault rocks that are likely to restrict fluid flow. Obviously, this would contribute to the general poor flow characteristics of this reservoir.
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[bookmark: _Toc254821806]Figure 1‑4 General cross-section of Gullfaks Sør
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[bookmark: _Toc254821807]Figure 1‑5 Gullfaks Sør Statfjord Formation








The Statfjord Formation is divided into three formations: Nansen, Eirikson and Raude. The permeability and Net/gross of the different formations give us a good understanding of the reservoir characteristics and is shown below. Nansen and Eirikson are very good reservoirs while Raude is an average good reservoir. This is shown in Figure 1-5.





Permeability: 


·  Good sands: 500-5000 mD


·  Middle good sands: 100 – 500 mD


·  Poor sands: 1-100 mD





Net/gross value is 0.5 in the reservoir, and average porosity 20 %.





Gullfaks Sør is divided into 6 parts based on compartmentalization as shown in Figure 1-6





[image: ]


[bookmark: _Toc254821808]Figure 1‑6 Compartments in Gullfaks Sør





Based on pressure-data given in Figure 1-6, we can see that the formation pressure of Nansen, Eirikson and Raude is quite close initially, which could indicate pressure communication among the segments in 1999. At the time the wells start to produce, and particularly from 2004, the pressures start to scatter.
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[bookmark: _Toc254821809]Figure 1‑7 Pressure development in GFS Statfjord. RFT pressure measured during drilling of the various wells






[bookmark: _Toc260661853]Geology Data


For the simulation and comparison later in the report it is important to look at the different reservoir data shown in Figure 1-8.
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[bookmark: _Toc254821810]Figure 1‑8 Reservoir data for the Statfjord Formation, Gullfaks Sør Pressures and temperatures measured relative to the datum depth
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[bookmark: _Toc260661854]Reference Case and Extended Case 


There are two cases for the Gullfaks Sør reservoir modeling in the assignment for Gullfaks Village 2010. The purpose of the Reference case is to learn about Gullfaks Sør’s reservoir performance and the purpose of the Extended Case is to see if it is liable to add 6 wells in the Gullfaks Sør Statfjord Formation. The simulation of the Gullfaks Sør Reservoir is conducted from 14 zones/layers as shown in Figure 1-9.
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[bookmark: _Toc254821811]Figure 1‑9 Zones in Gullfaks Sør Statfjord Formation





In the Reference case there are eight production wells: F-1, F-2_ML, F-4AT3H, G-1H, G-2T3H, G-2_ML, G-3T2H, G-4H and 3 injector wells: E-1Y3H, E-2BH, E-3H. The placements of the wells are shown in Figure 1-10.
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[bookmark: _Toc254821812]Figure 1‑10 Reference case





The Extended Case has four additional production wells: W1, W2W3, W4W5, W6W7 (Omega Oil) and two additional injector wells: GI-2, GI-4 (Omega Gas). It can be seen in Figure 1-11. There haven’t been any production wells in segment A1 before, and it is therefore a lot of uncertainty associated with drilling new wells in this segment. 
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[bookmark: _Toc254821813]Figure 1‑11 Extended Case








[bookmark: _Toc260661855]Well by Well Review





In the Reference case there are eight production wells: F-1, F-2_ML, F-4AT3H, G-1H, G-2T3H, G-2_ML, G-3T2H, G-4H and 3 injector wells: E-1Y3H, E-2BH, E-3H. The Extended Case has four additional production wells: W1, W2W3, W4W5, W6W7 and two additional injector wells: GI-2, GI-4 (Table 1-1).





[image: ]


Table 1‑1 Overview of the production wells and injection wells


The wells oil production rate (WOPR), wells water production rate (WWPR), wells gas production rate (WGPR), wells gas oil ratio (WGOR), wells water cut (WWCT) and wells gas injection rate (WGIR) can be reviewed by the tables below. The tables are used to briefly compare the average and maximum production and injector wells parameters.
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Table 1‑2 WOPR, WWPR, WGPR, WGOR and WWCT for the production wells
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Table 1‑3 WGIR for the injector wells





From table 1-2 we can see that all the production wells have a good performance. 


We want WGOR and WWCT to be as low as possible in order to have an efficient well and because of the limited processing capacity to the Gullfaks A Platform. From table 1-2 we can see that G-3 T2H is a very efficient well since the values are very close to zero. F-1, F-4 AT3H, G-2 ML, W4W5 and especially F-2 ML have lower efficiency and do not produce as well as the other wells. 





For the injection wells the Well Gas Injection Rate is approximately the same (table 1-3) with minor dissipations. 


[bookmark: _Toc260661856]History matching





[bookmark: _Toc260661857]Pressure History Matching





Reservoir Pressure Depth is in datum = 3300 m MSL (Figure 1-8), but the well bottom hole pressure depths are varied as table below.
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Table 2- 1 Wells Pressure Gauge Depth





There are only 5 wells bottom hole pressure gauge depth data available of Gullfaks South Statfjord Formation in RMP 2007 (table 2-1). Then we assume oil density is 835 kg/m3, and in the below calculation formula, the fluid is assumed only oil to simplify the calculation.





dP corrected = (datum depth-gauge depth)(gravity)(oil density)





From the calculation, corrected pressure difference is varied from 6 to 122 bar (table 2-2) due to different datum depth (reservoir) and wells gauge depth (without RKB (Rotary Kelly Bushing) and MSL depth correction due to no data available). 
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Table 2- 2 dP datum corrected
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[bookmark: _Toc254821814]Figure 2‑1 Reservoir Pressure at datum vs History of Wells Bottom Hole Pressure at gauge depth





In the above picture, based on production history the maximum deviation from reservoir pressure (red line) come from F-4 AHT3 (black line) and the minimum is from G-3 T-2H (blue line). If we compare to table 2-2, F-4 AHT3 has the highest corrected dP (122 bar) and G-3 T2H has the lowest corrected dP (6 bar). Roughly, we could see maximum deviation is approximately 100 bar from F-4 AHT3, which is quite significant difference pressure (20% from initial pressure). The deviation may be caused short time shut in pressure, or complete compartment segment reservoir so no communication. 
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[bookmark: _Toc254821815]Figure 2‑2 Reservoir Pressure at datum vs Wells Bottom Hole Pressure at gauge depth





Wells have variation deviation from reservoir pressure (Figure 2-2). On the other hand, some wells have no available actual data, so we cannot compare them with simulated reservoir pressure.


[bookmark: _Toc260661858]Oil History-matching


We first look at the oil production rate for actual model (FOPRH ) and simulation model(FOPR)[image: ]


[bookmark: _Toc254821816]Figure 2‑3 FOPRH vs FOPR





The green curve is the history model (actual data), while the blue one is simulation data. There is not much different between both graphs. We found the maximum error is about 300Sm3/d or about 30% but most of the data is not having much error that means we can use the simulation to predict behavior of reservoir. 
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We consider water cut for both history (actual value (FWCTH)) and simulation  value (FWCT).
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[bookmark: _Toc254821817]Figure 2‑4 FWCTH vs FWCT





The blue one is actual water-cut curve and the red one is a simulation value from Eclipse. We can see from the graph that there is much more error for the simulation of water-cut. The maximum error is about 0.3 which is 75%. Thus we should consider the value of water so much in the simulation. The value of water-cut is mostly under-estimated. Actually, this error in the water-cut is due to the contribution from F-2_ML for matching with the Pressure history data, and as a consequence it adds aquifer and this aquifer produces water higher than the history data.





	Thus we consider the water production rate.
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[bookmark: _Toc254821818]Figure 2‑5 FWPRH  vs FWPR





The blue one is actual water production curve and the red one is a simulation curve. We can also see that there is not so much error between 2004-2008, same as water-cut, we should have a correction for water production before using.


[bookmark: _Toc260661860]Gas History-matching


 We consider Gas-Oil Ratio to see if there is a big error between actual data and data from the simulation.
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[bookmark: _Toc254821819]Figure 2‑6 FGORH vs FGOR





The green curve represents simulation value of gas oil ratio (FGOR) and the red one is actual Gas-Oil Ratio(FGORH). We can see the maximum error of the value is about 400Sm3/Sm3 which is about  40% however most of the data do not have so much different between both value.





Then we consider the gas production rate.
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[bookmark: _Toc254821820]Figure 2‑7 FGPRH vs FGPR





The green curve represents simulation value of gas production rate (FGPR) and the red one is actual gas production rate (FGPRH). We can also see that the simulation model for gas is almost the same as the actual data so we can trust for the gas model.








[bookmark: _Toc260661861]WELL BY WELL HISTORY MATCHING


Because field value in Eclipse represent overall reservoir which is a large scale, then if there are some errors in the field value it is difficult to find the cause of the problem. Thus, we try to see well by well in order to match actual data and history, so that we can find the well which has so much errors and try to fix make a correction in that well to make a value of simulation data more realistic.   





There are Well F-1, F-2_ML, F-4 AT3H, G-2_ML, G-1 H, G-2T3H, G-2_ML, G-3 T2H


 G- 3Y3HT4,G-4 H ,however there was no history for well F1, G-4H and well G- 3Y3HT4 was shut.


The figure we considered is used from APPENDIX A





[bookmark: _Toc260661862]F1 


Water – no history


Oil – no history


Gas – no history


[bookmark: _Toc260661863]F-2_ML 


Gas – the history and the simulation model give almost the same value so that the value of simulation in this well can be reliable. There is an error in GOR, not due to bad calculation of gas but because an error in oil calculation. 


Oil – the simulation value of oil in this well is underestimated than the actual data. But we cannot conclude the reason why there is an error because of lacking of the pressure data. May be we have to change some value regarding to this well or make some corrections to oil data.


Water – there is an error in water production. Same as oil,we cannot conclude the reason why there is an error because of lacking of the pressure data.





[bookmark: _Toc260661864]F-4AT3H


Gas – there is error in this well but we can suggest that this may due to the bad calculation of bottom-hole pressure which the model overestimate the pressure.


Oil – there is error in the beginning which may result from wrong calculation of pressure.  However after 2004 the simulation data did not have much error.


Water – there is quite some errors in this model. The simulation model over-estimated the water production . So, for predicting the water for this well, we have to reduce the value we get from simulation.





[bookmark: _Toc260661865]G-1H


Gas – there is little error for gas simulation. There is an error in GOR, not due to bad calculation of gas but because of an error in oil calculation.


Oil – there is error in oil calculation, the simulation model have a higher value than the history. However, we cannot find the reason of an error because we lack the pressure data.


Water – there is so much error in water model. May be the reason is an estimate error in the aquifer around the well.





[bookmark: _Toc260661866]G-2T3H


Gas – the history and the simulation model give almost the same value so that the value of simulation in this well can be reliable. There is an error in GOR, not due to bad calculation of gas, but because of an error in the oil calculation.


Oil – the history and the simulation give almost the same value so we can rely on this model too.


Water – there is an error in this calculation, may be this because wrong aquifer data because there is no error in bottom-hole pressure.





[bookmark: _Toc260661867]G-2_ML


Gas – there is almost no error for gas model so we can rely on this model.


Oil – There is error in oil model may be because wrong calculation of pressure. 


Water – there is so much error in water perhaps due to wrong calculation of  pressure.


[bookmark: _Toc260661868]G-3T2H 


Gas – there is almost no error for gas model so we can rely on this model.


Oil – There is little error for this calculation may be due to wrong calculation of pressure.


Water – The simulation model always under estimate the value of water production. So we have to do corrections before using this data.


[bookmark: _Toc260661869]G- 3Y3HT4


This well is shut.


[bookmark: _Toc260661870]G-4H


Gas – there is no history for this value


Oil – there is no history for this value


Water – there is no history for this value








[bookmark: _Toc260661871]
Field Review after adding 4 Producer Wells and 2 Injector Wells


[bookmark: _Toc260661872]Summary


Based on observation and evaluation of the figures in Appendix A, well by well review, we can see that the additional wells have different effects to the existing wells:





· Acceleration Field Effect: the drainage area of the existing wells is reduced due to the new wells and the cumulative oil production per well in the Reference case is higher than the Extended Case. Well F-1, F-2_ML, F-4 AT3H, G-2_ML, G-4 H.


· Some of the existing wells are slightly affected by the new wells (G-2 T3H) while others are not affected at all (G-1 H, G-3 T2H).


· Drain shut in well G-3 Y3HT4. The well is shut in and do not produce, probably because of a problem in the well. This well’s reduction in bottom hole pressure means that the new wells drain from the drainage area of G-3 Y3HT4.





Adding 4 producer wells and 2 injector gas wells (Extended Case) will add 4 MSm3 produced oil (Figure 3-2) compare to Reference case. On the other hand, we need to consider the surface facilities capacity for gas and water since the estimated maximum water rate will increase to 1400 Sm3/day and the estimated maximum gas rate will increase to 5.5 MSm3/day. 





We recommend that the location for the new wells should be elected with sensitivity in order to optimize the hydrocarbon (oil and gas) recovery and this way maximize the profit. This is because some of the new wells are producing in the same drainage area as the already existing wells. This will result in reduced drain efficiency in the existing wells, but it will also accelerate the production of the total field.  








[bookmark: _Toc260661873]Oil Production
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[bookmark: _Toc254821821]Figure 3‑1 Oil Production Rate Field
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[bookmark: _Toc254821822]Figure 3‑2 Cumulative Oil Production Rate Field





Six new wells give us an increased oil production of 4 MSm3 from the Reference case (Figure 2-2) and a maximum oil rate of 4000 Sm3/day (Figure 2-1). The recovery factor will be from 19 % become 28%.





[bookmark: _Toc260661874]Water Production 
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[bookmark: _Toc254821823]Figure 3‑3 Water Production Rate Field





The maximum water rate in the Extended Case is 1400 Sm3/day (Figure 2-3), which should be considered in relation to the surface facilities capacity. Based on the water production profile of the Extended Case (blue line), we have higher production of water at early stage and smaller production of water at late stage compared to the Reference case. We could see bounded/limited aquifer indication when comparing the Reference case and Extended Case.
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[bookmark: _Toc254821824]Figure 3‑4 Cumulative Water Production Rate Field





Six new wells give us an increased water production of 1 MSm3 (Figure 2-4) from the Reference case 


[bookmark: _Toc260661875]Gas Production 
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[bookmark: _Toc254821825]Figure 3‑5 Gas Production Rate Field
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[bookmark: _Toc254821826]Figure 3‑6 Cumulative Gas Production Rate Field





Adding 4 production wells and 2 injection wells result in additional 14 GSm3 production of gas (Figure 2-6) with a maximum gas rate of 5.5 MSm3/day (Figure 2-5). The daily production rate should be taken into consideration with a view to the surface facilities capacity.





[bookmark: _Toc260661876]
Reservoir Pressure
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[bookmark: _Toc254821827]Figure 3‑7 Reservoir Pressure





In 2030 the reservoir pressure will be 100 bars for case with 6 additional wells. This is expected since the pressure will drop faster as the reservoir will drain more quickly with additional production wells. 






[bookmark: _Toc260661877]Field Water-cut
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[bookmark: _Toc254821828]Figure 3‑8 Field Water Cut





The reduced water cut in the Extended Case means that the efficiency of oil gain compared with produced water has increased.






[bookmark: _Toc260661878]Field Gas-Oil Ratio 
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[bookmark: _Toc254821829]Figure 3‑9 Field Gas Oil Ratio





Additional of 4 producer wells and 2 injection gas wells, generally contribute to higher GOR. But in 2015 the GOR is lower in the Extended Case due to higher oil rate, although at this time produced gas is also higher. 


[bookmark: _Toc260661879]The Economic evaluation


In these subsequent sections we have evaluated both the cases in the fundamental economic analysis. Firstly, we have considered the Reference case, in which we have 11 wells, consisting of 3 injectors and 8 producers. These wells are located in the Statfjord Formation, and they were drilled from 1999.  





In the Extended case we have added 6 new wells, consisting of 4 producers and 2 injectors, which will be drilled in 2015 with a new drilling platform. Although, we have to spend much money to invest initially (the Extended case), but we will have much more additional oil from this scheme.  Thus we have to consider both the cases and find the most favorable operational conditions for the case that is optimal.


[bookmark: _Toc260661880]Objective


We have done separate analysis for the two cases to do a comparison between both the cases, the Reference case and the Extended case, in order to consider which case provides a better solution.


[bookmark: _Toc260661881]Procedure


There are many ways to make an economics evaluation. We have chosen to use NPV (Net Present Value) to evaluate our project. The NPV model integrates a large amount of information and tracks the future cash flow contributions of the major stakeholders. 


Since money is time-depending, the annual net cash flows need to incorporate the timing of the cash-flow to account for the effect of the time value of money. This is particularly necessary for atypical E&P (Exploration and Production) projects, because they are spread over many years. 





There are various inputs to this model. These numerous inputs can be categorized as different scenarios, for instance a high and a low oil price. The forecasts of the oil price is shown with three different scenarios: the High Case, the Low Case and the Base Case. 





We calculate the cash flow in each year by using the following formula:





	Net cash flow = Revenue – CAPEX – OPEX – Royalty – Tax





We can calculate the NPV by using net cash flow multiplied by discounted factor so that we get net present value. Then we can compare the values and get the overall net present value for both cases and find an optimal solution for this project.


  


[bookmark: _Toc260661882]Assumptions





Due to the limited data that was provided to us for the two cases, we had to make some assumptions for our calculations. However, we have encapsulated our assumptions to make as close to a realistic value as much as we can.


[bookmark: _Toc260661883]The oil price 


We get the historical oil price from 1999-2008  from: http://inflationdata.com/inflation/inflation_Rate/Historical_Oil_Prices_Table.asp


For the rest of them we use the value from http://gullfaks.ipt.ntnu.no/gullfakslandsbyen/2009/ which is the data given from Statioil last year.


To simplify the calculation we assume that the oil price is constant throughout the year, then the revenue of oil is simply calculated from volume of oil in each year multiplied by oil price in each year.


[bookmark: _Toc260661884]Net revenues


The net revenue from this project come from selling gas only so we neglect the revenue from selling any gas.


[bookmark: _Toc260661885]Operating expenditure (OPEX)


OPEX is an operating expense is a day-to-day expense such as sales and administration, or short term expenditure. We divided OPEX into 3 parts:


· Field offshore – is the cost due to offshore operation for example maintenance cost, chemicals etc. We assume 5000000 NOK/year for this cost


· CO2 duty – is the cost related to the amount of CO2 that was produced during operation, for instance eliminating flare. We assume 1000000 NOK/year constantly 


· Gas oil transportation – is the cost due to production because after we produce oil we have to transport to customer. The more oil you produce the more cost of transportation. Thus we assume this expenditure cost 1% of oil revenue.


[bookmark: _Toc260661886]Capital expenditure (CAPEX)


CAPEX is incurred when a business spends money either to buy fixed assets or to add to the value of an existing fixed asset with a useful life that extends beyond the taxable year. We divided CAPEX into 3 main parts:


· Platform or subsea – we assume 5000 MNOK for platform and 3500 for subsea wellhead. We also assume that we have to pay on only 1 year.


· Production unit – is the cost of production facility for example pump, compressor etc. We assume the value of these facilities cost 100 MNOK and cost in the same year of building platform or subsea wellhead.


· Drilling cost – is the cost of drilling 1 well. We assume that we have to pay 100 MNOK per 1 well.


Some of the data are brought from Visund field and modified a little.


[bookmark: _Toc260661887]Royalty


Royalty is one of the manner in which the host government claims an entitlement to income from the government from the production and sale of hydrocarbon on behalf of host nation. Royalty is normally charged as a percentage of the gross revenues from the sale of hydrocarbon. We have assumed the royalty rate to be 0.1


[bookmark: _Toc260661888]Taxation 


Tax is also one of expenditure which we have to pay for the government. To calculate tax we use 


Tax payable = Taxable income × Tax rate 


Taxable income = Revenue – Fiscal allowance


Fiscal allowance = Royalty + OPEX  + Capital allowance





CAPITAL ALLOWANCE is not a cash-flow item, but is only calculated to enable the taxable income. Capital allowances are deducted in computing the taxable profits as if they were a real expense of the business. This may lead to increasing a loss, or turn what would have been a profit into a loss. 





For simplification we use straight line capital allowance method for calculating the capital allowance from the value of CAPEX divided by 5 for each instant. So we have capital allowance which is 20 % of the initial CAPEX per year for five years.





If the tax payable is negative then we do not have to pay tax for that year. 


We use 30 % for tax rate.





[bookmark: _Toc260661889]Discount rate 


We use the discounted rate = 8 % annually which is given from http://gullfaks.ipt.ntnu.no/gullfakslandsbyen/2009/





[bookmark: _Toc260661890]Currency 


we use the exchange rate of 6 NOK = 1 USD constantly throughout the calculation.





[bookmark: _Toc260661891]Results from simulation of the base-case





The simulation is run until 1st January 2030. The starting point for the simulation is 1999.  In order to make the calculations simpler we are evaluating the data from 1999 to 2029.





After we calculate using spreadsheet we get the result from this graph above.








Figur U Cumulative net present value (cum NPV) for the Base-case


	


For the Reference case, the net present value for NPV = 569 MNOK with a payback period around 2016.  While in the Extended case we get NPV = 972 MNOK with the payback period  around 2018. After assuming that the oil-price follows the Base-case, the cumulative cash-flows are equal in these two cases in 2019. The cumulative NPV turns positive also for the Extended case, and then the revenues of Extended case passes the Reference case after 2019. Thus the Extended case is the best option among the two projects. 


	


Although we can show that the Extended case has a higher revenue than the Reference case,  we can not completely rely this model because it based on many assumptions which can vary year by year such as the oil price, CAPEX, OPEX, etc.





[bookmark: _Toc260661892]Results from simulation of the High –and Low case





We now then change the oil prices in order to see the NPV result. We consider high case which increase 40 % of oil prices and decrease 20 %.  We got the value in following table.





			Oil price (US$/bbl)


			Base


			High +40%


			Low -20%





			2010


			65


			91


			52





			2011


			68


			95.2


			       54.4





			2012


			70


			98


			56





			2013


			70


			98


			56





			2014


			75


			105


			60





			2015-2030


			75


			105


			60











Then we get the NPV in the following figure.  
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[bookmark: _Toc254821830]Figure 4‑1- Cumulative net present value (cum NPV) for the High-case








[image: ]


[bookmark: _Toc254821831]Figure 4‑2 Cumulative net present value (cum NPV) for the Low-case





We can see that although we change oil price we still can conclude that Extended case provide higher NPV than Reference case. 


For the High case NPV of the Extended case is 2673 MNOK which is 3 times higher than the base case.


For the Low case the revenue of the Extended case is quite low which is about 100 MNOK so if we compare with the money we invest it looks like we get so low profit, and perhaps it is not reasonable to do this project. 









[bookmark: _Toc260661893]Conclusion





We can see from the simulation that the history matching of the gas rate is quite good, while for the oil rate, there is a little error which can be acceptable. However, for the water rate, there are quite significant errors where the simulation model has constantly predicted higher values than the real data. When we look at each well, in order to specify the problems of our system, we find that the error of the oil in the field data come from smaller errors for each well. However, for the water we cannot find the specific reason due to limited information. It may be because the model might be inaccurate or because of uncertainties such as aquifer. 





The 6 additional wells effects the existing wells in various manners. Some of them are affected and contribute to accelerate the production of the total field while some of the existing wells are not affected at all. The Extended Case gives 4 MSm3 more produced oil in addition to the oil produced in the Reference case. The recovery factor will be from 19 % become 28%.





After we considered both cases by using Net Present Value (NPV) to compare each case, we found that the payback period for the Extended Case is longer than the Reference case. However the Extended Case provides a higher NPV than the Reference case. 





[bookmark: _Toc260661894]Recommendation





We can use the simulation model for oil and gas from ECLIPSE, while for water we might have to make some corrections before using them. 





The maximum field gas rate (5.5 MSm3/day) and the field water rate (1,400 Sm3/day) should be considered in relation to the capacity of the surface facilities to process gas and water.





The position of the new wells should be chosen with sensitivity, so that the new ones won’t reduce the drainage area to the existing wells.





Since the NPV for the Extended Case is higher than in the Reference case, we can recommend Statoil to add six new wells (Extended Case). However the Reference case may be a good plan for the company which require the money to go back quickly to run other projects. Although we can conclude from our calculation that the Extended Case is a better solution, we must remember that our calculations are based on many assumptions. We should therefore adjust our assumptions to be close to a real value so that we will get a more realistic result.
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Part A.





 (
 
Note
)














WO(W/G)PR = well oil(water/gas) production rate


WO(W/G)PT = well oil(water/gas) production total


WCT = water cut (water rate/(oil rate+water rate)


WGOR = gas oil ratio


WBHP = well bottom hole pressure


WGIR = well gas injection rate


WGIT = well gas injection total





Red: GFS_Restart


Blue: Reference_Case


Green: History_Case








Production Well Name: F-1, F-2_ML, F-4AT3H, G-1H, G-2T3H, G-2_ML, G-3T2H, G-4H, W1, W2W3, W4W5, W6W7





Injection Well Name: E-1Y3H, E-2BH, E-3H, GI-2, GI-4












Well Name:F-1
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[bookmark: _Toc254821832]Figure 7‑1: "F-1", WWPR
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[bookmark: _Toc254821833]Figure 7‑2: "F-1", WWCT
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[bookmark: _Toc254821834]Figure 7‑3: "F-1", WOPR
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[bookmark: _Toc254821835]Figure 7‑4: "F-1", WGPR
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[bookmark: _Toc254821836]Figure 7‑5: "F-1", WGOR
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[bookmark: _Toc254821837]Figure 7‑6: "F-1", WBHP
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[bookmark: _Toc254821838]Figure 7‑7: "F-1", WOPT





Well Name: F-2_ML
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[bookmark: _Toc254821839]Figure 7‑8:"F-2_ML", WGPR
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[bookmark: _Toc254821840]Figure 7‑9: "F-2_ML", WOPR





[image: D:\New Folder (2)\dars\NTNU\semester 2\gullfaks\Well-Plots-Eclipse\Well-Plots-Eclipse\F-2_ML_WWCT.bmp]


[bookmark: _Toc254821841]Figure 7‑10: "F-2_ML", WWCT
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[bookmark: _Toc254821842]Figure 7‑11: "F-2_ML", WWPR
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[bookmark: _Toc254821843]Figure 7‑12: "F-2_ML", WGOR
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[bookmark: _Toc254821844]Figure 7‑13: "F-2_ML", WBHP
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[bookmark: _Toc254821845]Figure 7‑14: "F-2_ML", WOPT









Well Name: F-4AT3H
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[bookmark: _Toc254821846]Figure 7‑15: "F-4AT3H", WBHP
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[bookmark: _Toc254821847]Figure 7‑16: "F-4AT3H", WGOR
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[bookmark: _Toc254821848]Figure 7‑17: "F-4AT3H", WGPR
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[bookmark: _Toc254821849]Figure 7‑18: "F-4AT3H", WOPR
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[bookmark: _Toc254821850]Figure 7‑19: "F-4AT3H", WWCT
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[bookmark: _Toc254821851]Figure 7‑20: "F-4AT3H", WWPR
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[bookmark: _Toc254821852]Figure 7‑21: "F-4AT3H", WWPR





Well Name: G-1H
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[bookmark: _Toc254821853]Figure 7‑22: "G-1H", WBHP
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[bookmark: _Toc254821854]Figure 7‑23: "G-1H", WGOR
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[bookmark: _Toc254821855]Figure 7‑24: "G-1H", WGPR
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[bookmark: _Toc254821856]Figure 7‑25: "G-1H", WOPR
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[bookmark: _Toc254821857]Figure 7‑26: "G-1H", WWPR
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[bookmark: _Toc254821858]Figure 7‑27: "G-1H",WWCT
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[bookmark: _Toc254821859]Figure 7‑28: "G-1H", WOPT






Well name: G-2T3H
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[bookmark: _Toc254821860]Figure 7‑29: "G-2T3H", WBHP
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[bookmark: _Toc254821861]Figure 7‑30: "G-2T3H", WGOR
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[bookmark: _Toc254821862]Figure 7‑31: "G-2T3H", WGPR
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[bookmark: _Toc254821863]Figure 7‑32: "G-2T3H", WOPR
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[bookmark: _Toc254821864]Figure 7‑33: "G-2T3H", WWCT
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[bookmark: _Toc254821865]Figure 7‑34: "G-2T3H", WWPR
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[bookmark: _Toc254821866]Figure 7‑35: "G-2T3H", WOPT





Well Name: G-2_ML
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[bookmark: _Toc254821867]Figure 7‑36: "G-2_ML", WBHP
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[bookmark: _Toc254821868]Figure 7‑37: "G-2_ML", WGOR
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Well Name: G-3T2H
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Well Name: G-3Y3HT4
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Well Name: G-4H
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Well Name: W1
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[image: D:\New Folder (2)\dars\NTNU\semester 2\gullfaks\Well-Plots-Eclipse\Well-Plots-Eclipse\W1_WGOR.bmp]


[bookmark: _Toc254821895]Figure 7‑64: "W1", WGOR





[image: D:\New Folder (2)\dars\NTNU\semester 2\gullfaks\Well-Plots-Eclipse\Well-Plots-Eclipse\W1_WGPR.bmp]


[bookmark: _Toc254821896]Figure 7‑65: "W1", WGPR


[image: D:\New Folder (2)\dars\NTNU\semester 2\gullfaks\Well-Plots-Eclipse\Well-Plots-Eclipse\W1_WOPR.bmp]


[bookmark: _Toc254821897]Figure 7‑66: "W1", WOPR





[image: D:\New Folder (2)\dars\NTNU\semester 2\gullfaks\Well-Plots-Eclipse\Well-Plots-Eclipse\W1_WWCT.bmp]


[bookmark: _Toc254821898]Figure 7‑67: "W1", WWCT


[image: D:\New Folder (2)\dars\NTNU\semester 2\gullfaks\Well-Plots-Eclipse\Well-Plots-Eclipse\W1_WWPR.bmp]


[bookmark: _Toc254821899]Figure 7‑68: "W1", WWPR





[image: \\sambaad.stud.ntnu.no\ghorbani\Desktop\WOPT\WOPT\W1_WOPT.bmp]


[bookmark: _Toc254821900]Figure 7‑69: "W1", WOPT


Well Name: W2W3
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Well Name: W4W5
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[image: D:\New Folder (2)\dars\NTNU\semester 2\gullfaks\Well-Plots-Eclipse\Well-Plots-Eclipse\W4W5_WWCT.bmp]


[bookmark: _Toc254821912]Figure 7‑81: "W4W5", WWCT


[image: D:\New Folder (2)\dars\NTNU\semester 2\gullfaks\Well-Plots-Eclipse\Well-Plots-Eclipse\W4W5_WWPR.bmp]


[bookmark: _Toc254821913]Figure 7‑82: "W4W5", WWPR
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Well Name: W6W7
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Well Name: E-1Y3H
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Well Name: E2BH
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Well Name: GI-2
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Well Name: GI-4
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Table 2.3.1: Hydrocarbon systems on the Gullfaks Field and Gullfaks Satellites

Reservoir Gullfaks Gullfaks, Rimfaks Gullveig | Skinfaks | Gulltopp | Alun
Field South
Brent Group | Oil with gas | Ol with Oil with Gilwith _[Oilwith | Ol B
cap gas cap gas cap gas- gas
cap cap
Cook Gil Hydrocarbons | OF B B B B
Formation (Segment 23C)
Statfjord Gil Gil with Oil with Gas B —[on
Formation gas cap gas cap
Lunde oil Oil with Oil and gas B B B B
Formation gas cap
Krans Gil, gas and B B B B B B
Formation __| condensate

Since October 2006, five new wells have been drilled in the Gullfaks Satellites. Four of these
are oil producers for Brent in the Rimfaks/Skinfaks IOR project (N-3 AH, N-5 H, N-4 H and
N-2 H), while the fifth is a gas injector for Statfjord in Gullfaks South (E-1 YH). It was hoped
that Well N-4 H would discover hydrocarbon-bearing sand in Draupne, but no sand was found.
None of the new wells led to significant changes in our understanding of the geology and
reservoir conditions on Gullfaks SAT. For more information, see Section 3.8.

232 Reservoir management

Today. Gullfaks production is on decline, even though the phasing in of new wells may lead to
temporary rises in production. As far as possible, well placement, production and injection
rates are adapted to the individual pressure systems in the fault segments which, in most cases,
communicate. The reservoir management of each individual field is described in Chapter 4 but,
generally speaking, the further development of Gullfaks will be characterised by:
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Abstract

In this project, we did literature study to answer point no.l and no.4 as problem
description in Appendix A, reservoir simulation with smart well and inflow control
device technology and economic calculation to answer point no.2 and no.3 as problem

description in Appendix A.

In literature study, the report includes introduction to smart well and ICD technology,
equipments of Smart well and ICD, design consideration, advantages and disadvantages
these technologies. The mainly advantage of smart well is better in reservoir management
and optimization in production and injection however the disadvantage is the complexity
of well completion and the cost per well is higher than conventional well. The advantage

of ICD is self regulating but the big drawback is the low bottom hole pressure.

To improve oil recovery in Gullfaks South, we will drill a multilateral well with 5
branches. Then to optimize oil recovery, we will try to use smart well and/or ICD well to
get better reservoir management which reduce early gas breakthrough so reservoir
pressure can be maintained to get higher recovery factor. But, we will consider executing

the projects based on the NPV project.

In the simulation part, since the main problem from the reservoir is significant high GOR
which is about 14000 Sm3/Sm3, we use smart well and ICD to overcome this problem. In
the extended case we add 4 producer wells with 7 branches but in this task we have to
add a producer with 5 branches. In order to easily compare to the extended case, we
choose 5 branches from 7 branches in the extended case by selecting the branches that
has a high performance. Finally we choose W1, W2W3, W4WS5 to make a 5 branches
production well with new name ‘RONALDOQO’. We make the new well ‘RONALDO’ to
be a smart well by dividing the well into 200 segments and control the gas production by
shutting the segments which have GOR higher than 10000 Sm3/Sm3. In ICD, there are

200 segments in the tubing and 199 segments in the ICD. We assume our ICD model is a

6
channel type and use the value of the strength of ICD which is 0,00021 bar/m .
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After running the simulation, we found that oil production in smart well case and ICD are
higher than oil production in the extended case. Moreover the gas production and water
production of smart well and ICD are also lower than extended case which are positive
results by using smart well and ICD. The ICD case produce a bit more oil than in the

smart well case.

We assume consistently comparison well cost in extended case and ‘RONALDO’ case,
so we assumed it can be compared. We consider only net present value in economics
evaluation and assume the cost of both smart well and ICD is same as a normal well. The
payback periods of extended case which is in 2017 is shorter than the payback periods of
smart well and ICD however at the end of simulation in 2037, both smart well and ICD
has higher Net present value than extended case. The best alternative is ICD with the
platform which returns highest net present value that is 2864 MNOK. Thus the ICD with
platform case is the most recommended case to be done in the project considering
particular our assumptions.

Based on sensitivity calculation the three projects, the NPV change is very sensitive to oil
and gas price, hydrocarbon production, and investment cost. But, in this project we

assume to consider NPV only to make decision.
We have three recommendations:

1. Further check ICD model because several segments in branch 3, 4 and 5 are gray in
ECLIPSE 100

2. Adjust cost data and economic assumptions of smart well and ICD well to reality

economic value to get better representative economic evaluation

3. Change the location and observe the result in the simulation to get maximum oil

produced

We also add a part as additional work report which is part 9 as Statoil’s suggestion to

observe effect of ICD strength and further check from our group about our models.
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1. Smart Well Technology

1.1 Motivation!
Oil and Gas have long been the energy source for the contemporary world. With the
increasing demand of this kind of energy supply in the past few years as shown in figure
1, the limited resources of fuel energy have created countless problems and obstruction
towards the economic growth. An important challenge in this current situation is to

maximize recovery at a profitable rate.

World Oil and Gas De mand (High Economic Growth)
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Figure 1: Demand of Energy
One of the aspects of new petroleum engineering technologies is to ease the production of
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new reservoir or increase the production rate. Slanted and horizontal well technology was
developed in the early 1920’s but was rarely used until the 1980’s, after that new
advancement in this technology, causes horizontal wells are common anymore. The
industry is eager to consider new technology but with careful view till the technology is

proved both theoretically and operationally.

In recent years, decline rate of reservoirs have increased. At the same time, reservoirs are
becoming more complex. They are smaller, tighter and more remote. As a result,
reservoir recovery rates are less than 35%. The goal of many operators is to increase
recovery rates to 60% [2].One of the new technologies that have appeared in the past 10

213

years is called “Smart Well Technology?” or “Intelligent Well Technology>”.

"[1,2]
% (SWT)

Y2 |OR Challenge Part B | Smart Well Technology





IOR: GULLFAKS S@R STATFJORD

1.2 Smart Well Definition

1.2.1 Schlumberger’s Definition

A well equipped with monitoring equipment and completion components that can
be adjusted to optimize production, either automatically or with some operator

intervention. Figure shows the dynamic process of the Schlumberger model [1].

Designing an optimization strategy through monitoring, simulation and contral.

Dynamic updating is the critical ingredient in reservoir monitoring and control.

0““."‘,,qnic Updating
Reservoir monitoring
and control
Sensor type and
location
Fiow-control
Equipment and
location

Shared earth
model

Simulation and
optimization

Figure 2: Schlumberger’s Model for Smart Well Technology Process

1.2.2 Well Dynamics’ Definition

Well Dynamics defines a smart well as a well that combines a series of
components that collect, transmit and analyze completion, production and

reservoir data, and enable selective zonal control to optimize the production
process without intervention as shown in figure 3[1].

> (IWT)
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Elements of the SmartWell® Concept
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Figure 3: Well Dynamics Elements of Smart Well Technology

1.2.3 IWRG* Definition

IWRG defines an intelligent well as a well equipped with means to monitor
specified parameters (e.g. fluid flow, temperature, pressure) and controls
enabling flow from each of the zones to be independently modulated from a
remote location (e.g. at the wellhead, or a nearby offshore platform, or a distant
facility)[1].

1.2.4 Baker Hughes’ Definition

Baker Hughes defines an intelligent well as implementation of fundamental
process control downhole. Intelligent wells enable surveillance, interpretation

and actuation in a continuous feedback loop, operating at or near real-time [1].

The first smart well was installed in August 1997 at Saga’s Snorre Tension Leg Platform
in the North Sea; more than 300 smart well have been installed all around the world, from
mature land assets to deep water off the coast of Brazil [2]. To control flow from many
laterals or zones utilizing down-hole control valves is the main aspect of the smart well
technology [1].

SWT gives appropriate access to the operator to remotely monitor and control down-hole

fluid production or injection without physical intervention. These facilities allow the

* Intelligent Well Reliability Group
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optimization of hydrocarbon production, well utilization, and reservoir management
processes. Electrical control systems and electronic sensors were applied at the early
stages of development but the use of these equipments and systems decrease due to their
poor reliability. With innovation in fiber optic sensors and hydraulic control systems the
reliability of sensors and control systems have significantly improved, and the market
adoption of this new technology is accelerating [2, 3].

Sensors and valves can be controlled independently; therefore, they can be employed in
projects involving different objectives, such as production control of gas and water,
production by different zones in stratified reservoirs, and margin fields, among others.
They can be added flexibility to fields by allowing operation of valves to control
production. This flexibility can be used, for example, to maximize NPV?, to relieve risk,
to improve oil production, to control water production or a combination of these

objectives [3].

1.3 Elements of Smart/Intelligent Wells

The typical smart completion consists of:

- Inflow control valves®;
- Permanent downhole gauge’;

-Distributed temperature sensing®;

The earliest DTS system installations consist of both types of single ended and double
ended fiber optic cable. The recent DTS installations were done with a pre-installed fiber.
In recent type the optical cable can run together with the completion string, so it doesn’t

need to pump down the fiber after completion [4].

Typical Downhole flow control devices being used in the industry are sliding sleever or

ball-valve. Based on position of valve, there are different types of ICVs, such as binary

> Net Present Value
®(cv)

7 (PDHG)

¢ (DTS)
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control (on/off), discrete positioning (a number of present fixed positions) or infinitely
variable. For operating of these valves, hydraulic and electric systems are needed.
Another type of downhole control device exists which name is Inflow Control Device®.
ICD is typically installed and combined with a sand screen in an unconsolidated
reservoir. The reservoir fluid runs from the formation through the sand screen and into
the flow chamber, where it continues through one or more tubes. Tube lengths and IDs
(inner diameter) are designed to induce the appropriate pressure drop to move the flow

through the pipe at a steady pace [4].

Figure 4: Smart well completion

As shown in the figure above, three main components required for a smart well HPHT

completion:

(a) HF-1 Packer: A production packer with the capability to feed through multiple
hydraulic control line or TEC lines
(b) Interval Control Valve: A valve to control flow to or from the reservoir (i.e.

injection or production)

9
(IcD)
10 High pressure/High temperature, wells deeper than 4000mTVD and/or wells that have an expected

wellhead shut-in pressure bigger than or equal to 690bar (10000psi), and/or wells with temperatures higher
than 150degC.
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(c) Permanent Downhole Gauge Cluster: A gauge package for data acquisition (i.e.

pressure / temp) [5].

Sensors can be classified in:

- Single-point, where the process variable is monitored in a single point in the well
(typical case of the Permanent Downhole Gauge, the PDG) or in several points but in
a very low density (e.g. one point per interval);

- Quasi-distributed, where the variable is monitored in several points, in a high density
array (e.g. several points per interval);

- Distributed, where the variable is monitored along the whole well on a given spatial
resolution (e.g. measurement per meter as in most Distributed Temperature Sensors,
DTS) [6].

-Downhole electronics provide real-time pressure and temperature measurements from
gauges deployed close to the sand face. In parallel of these systems proved their value,
the industry created additional parameters for monitoring in this system, such as flow rate
and water content. These downhole sensors can be reached to perfect state by the initial
development of electro-hydraulically actuated flow control systems. “The oil field
environment and downhole temperatures specifically, have introduced a fundamental
challenge for these electronic systems whose failure rates approximately double with
each 18°F (10°C) increase in temperature. Since smart well systems are essentially
inaccessible once deployed, their value is directly linked to their longevity. Those early
systems were soon abandoned due to their low reliability [2]”.

Various types of downhole sensors are used to control well performance by regarding to
different zones. Single-point electric quartz crystal pressure and temperature sensors are
multiplexed in a single electric conductor with accurate measurement of pressure and

temperature for each zone.

- Optical fibers are used for measuring temperature and throughout the length of a
wellbore. In years, Single point fiber optic pressure transducers are available but after

2003 multipoint or distributed fiber optic pressure sensing is being used and developed.
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- Downhole flow meters work based on venture systems, or pressure drop correlations
across flow control devices. New generation of flow meters based on passive optical fiber
acoustic sensing are being developed. There are other sensors are being used such as
water cut sensors, fluid density meters, micro seismic arrays, formation resistivity array

and downhole chemical analysis sensors [4].

1.4 Smart Wells Controling Methods

There are two different kinds of controlling the inflow to a well including “Passive” and
“Active” ways. If drive mechanisms of a well are well defined and configured as well as
the reservoir geology then we can apply passive controlling method effectively.
Therefore we can predict the inflow by using reservoir and well models assuming that the
predicted inflow does not change dramatically during production period. Afterwards, we
can maximize the hydrocarbon production by optimizing the inflow profile along the well
by using special and fixed controlling devices installed previously. Active methods are
divided to Reactive and Proactive methods which | am going to discuss about them in the
following paragraphs [7, 8].

Active Methods

We can apply Active controlling methods by using Inflow Control Valves (ICV) which is
installed in an intelligent well. We can optimize the inflow profile along the well by
considering the monitoring data gathered from downhole sensors and the predictions of
the reservoir and well models in order to be able to change the settings of these valves.
Active controlling methods can be divided in two parts which are “Reactive” and

“Proactive” ones.
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1.4.1 Reactive Control Strategies

In Reactive methods, we can change the settings of inflow control valves with respect to
the adverse changes in flow like the flowing of unwanted fluids which are measured

within the well or the reservoir.

1.4.2 Proactive Control Strategies

These strategies which are called defensive strategies too, change the settings and the
status of ICVs with respect to variations in flow that are measured within the reservoir
but a certain distance away from the well. The major advantage of proactive strategy is
that it can detect potential problems like incoming of unwanted fluids and prevent them
from influencing on the production of the well.

Since the optimal response of the ICVs within a well, changes over the time, it can
be an important challenge lying under proactive and reactive strategies, which is how to
determine it. Considering a single well, making a balance between the demands of short
term production recovery or NPV optimization and the long term ones can hard to do.
The problem can be more challenging in cases of having multiple wells.

Among different controlling techniques to optimize the production of a simulated
intelligent well, reactive and proactive methodologies have shown significant results in
many production scenarios including the value added to the final outcome. On the
contrary, these strategies are highly depended on the prediction models of the reservoir or
the well, and therefore are uncertain to rely on. So we can say that the risk involved
within these strategies is somehow high since these models are not strong enough to show
the exact behavior of the reservoir. By taking a look at recent researches done about this,
we come to this conclusion that it is better to update these models periodically based on
the data acquired from the well. Therefore we can use the data to determine the best
response over a fixed time interval until the next update. But, as | have mentioned above,
this updated models can result in a poor control and can misconduct us. Therefore it is
better to use a certain number of models to achieve our goal which is somehow expensive
to gain [7, 8].
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1.5 Intelligent Well pros and cons

A Summary of pros and cons used to evaluate smart well use is shown as follow [6]:
Pros

- Better reservoir management;

- Number of wells reduction in the field development plan;
- Production anticipation;

- Reduction of reservoir interventions;

- Production and injection optimization;

- Possible increment on ultimate recovery factor;

- Well equipment's condition monitoring;

Cons

- Increase in cost per well;

- Increase of well completion complexity;

- Possible increase of interventions due to equipment failures;

1.6 Operational Risks& Challenges in Smart Well Completion™

Considering torque and drag during running the smart completion components (hardware) is of
great importance besides the need for justification of implementing smart well completion. While
running smart equipments, “Junk in Hole” from drilling side of field development is the only
problem. In this case, preventing equipments to get stuck whenever erratic torque and drag are
detected is done in two steps, pulling all equipments out of the hole and then flushing the hole by

means of coil tubing (CT) or other convenient tools.

The next challenge that should be solved after installation is failure and in a smart well, it is
defined as the inability to cycle the valve to the expected situation. Loss of communication or
physical failure (valve stuck or jammed) would lead to this condition.

Reliability is the most significant challenge in smart fulfillment. By increasing the number of the
installed valve systems, the reliability will be enhanced. Implementing this method by Shell

Company resulted in having no failure since 2002. A statistical analysis about well dynamics

11 [4]
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installation (mini-direct and digital hydraulics) in Shell based on the number of the failures
presents a probability of 96% survival of zonal control system after 5 years and an estimate of the

probability of 85%-90% over a period of 10 years since their first installation within Shell.

To monitor the reservoir without disturbing the production, Smart completion equipments will be
left after well abandonment. Therefore, during casing cutting and setting abandonment plug or
retrieving wellhead, there is a risk of sensor cable damage. Using cable-less power and
communication systems leads to reduction of this risk. Nevertheless, lifetime of battery pack

deployed downhole restricts the lifetime of overall system in this new configuration.

1.7 Smart Well Technology in Gullfaks Sgr from SPE Paper [9]

Smart Well Technology was applied to a Horizontal Subsea Well at Gullfaks Sar.

The well experienced gas breakthrough after a short time. In the reservoir management
plan, the reserves were reduced from 12,6 mill Sm3 in the PDO to 3,0 mill sm3 based on
the gained production experience. Since 2002, qualifying the use of smart well
technology to increase the recovery. The main focus for the GF Sgr Statfjord Formation
Reservoir heterogeneity and gas breakthrough limited the production. Consequently,
surface operated downhole inflow control and multilateral wells were recognized as

possible solutions for future wells.

In this paper*?, the solutions made for the fourth horizontal subsea well drilled in the GF
Ser Statfjord Fm. late 2003 is described.on the other hand, to maximize the number of
drainage points in reservoirs with limited economical reserves, the need for cheaper well

and drilling solution from floating drilling units is designated .

12 More information about the paper was on Smart Well Technology Applied to a Horizontal Subsea Well
at Gullfaks Satellites, Svein Oddvar Netland, Vibeke Haugen, Bianc Samsonsen, Per Kr. Krogh, Statoil AS
, SPE Annual Technical Conference and Exhibition, 26-29 September 2004, Houston, Texas
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2. Inflow Control Devices

2.1 Introduction to Passive Inflow Control

Controlling inflow into long, extended-reach horizontal wellbores has received
significant attention within the past decade. A considerable amount of test data and
actual field installations have shown that balancing inflow over the entire production
interval results in enhanced oil Inflow control aims at even inflow distribution.

The ICD completion solution is particularly associated with horizontal and multilateral
wells. This completion promotes extended reservoir contact (ERC) and lower draw-
downs due to a uniform distribution profile (Figure 5). Uneven drawdown leads to non-
uniform inflow rate and areas of higher drawdown can increase the chances of sand
failure.

Inflow control Devices, or ICDs, is a choking device installed as part of sandface
completion hardware, developed to improve the well performance and enhance the well
reservoir management. The ICD provides a controlled pressure drop which is a function
of flow rate. An ICD is a passive flow restriction in the fluid flow path from the reservoir
into the flow conduit. An ICD has ability to equalize the inflow along the well length is
due to the difference of the physical laws governing fluid flow in (1) the reservoir and (2)
through the ICD [23].

Figure 5: Well performance of well in terms of GOC and OWC
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2.2 Well Life Inflow Control Requirements

An ICD must exhibit certain performance features during each phase of a well’s life.
Performance in all the production stages (years) of a well’s life are characterized by some

production phase. This is described in detail in Figure 6.

———— Life of Well (years)

. *
i il -l -inll- -
Startup  Peak Declining Eventual
Production Froduction Water
Onset
- Mud Flow - Erosion - Continued = Viscosity
Back Resistance inflow Control insensitivity
- Anti - Flow
Plugging Resistance
Increase

Figure 6: Timeline of passive ICD performance [13]
The timeline above depicts the desirable passive ICD performance features required to

effectively produce and control the influx during the life of the well.

From startup, the ICD has a high level of plugging resistance for completion fluid. If the
device has too small of a flow area, it may plug during this period. Thus a large flow area
capable of producing fines and solids with minimal plugging potential is desired.

During peak production, the ICD will be exposed to high flow rates and must be erosion-
resistant. If an ICD is not able to maintain a uniform flow in a completion, increased
localized production will occur and lead to premature water or gas breakthrough.

During declining production, an ICD must continue to provide inflow control. If at this
stage it has eroded or plugged, it is deemed ineffective. At eventual water onset, the ICD

should provide an increase to flow resistance.
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2.3 Passive Inflow Control Devices Reducing Heel to Toe

Effect

The ICD is essentially a flow restriction device integral to each screen joint. By
restricting free flow into the screen a normalizing effect is created by which all screen
joints contribute equally to the production inflow. The tendency for greater production

from the heel of the wellbore is eliminated™® with a passive inflow control device.

2.3.1 Heel to Toe effect

The ICDs have been developed to reduce the impacts of heel to toe pressure drop in order
to minimize the toe to heel effects balancing the inflow profile. The heel to toe effect is a
result of the friction pressure drop causing a variable draw-down along the well. In the
heel of the well, the fluid meets less resistance compared to the fluid from the toe,
because this fraction is also exposed to friction pressure drop along the length of the
completion interval.

The high pressure at the heel section often causes a breakthrough of water and gas, and
an uneven sweep of the drainage area. Consequently, this affects the production rate and
the total oil recovery.

Frictional pressure drop in the horizontal completion causes the inflow to be distributed
unevenly and to be greatest at the heel of the horizontal well.

’-—Well\'

o Tan
Figure 7: Heel-Toe structure of a Horizontal well

The primary reason for developing inflow control device technology is to counteract the
heel-to-toe effects. The ICDs can restrict the flow by creating an additional pressure drop

for balancing the wellbore pressure drop.

By eliminating the undesired water/gas breakthrough into the wellbore
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2.4 Passive ICD Consideration Factor

2.4.1 Reservoir modeling

Reservoir modeling is applied for determining optimum vertical placement of the oil
lateral and the orientation of the gas lateral as they affect the total recovery. Modeling of
the near-wellbore fluid flow and simulations of flow in the completion are important
measures for predicting the well behavior. A complete design of the passive inflow
control devices depends on the results of well simulations and modeling techniques.

Reservoir modeling may prove to optimally control the commingled production and
equalize the inflow from multiple layers in a reservoir. The uncertainties in the reservoir
description are afflicted by many factors which affect design of the ICD completion. Also
having sufficient knowledge about the reservoir pressure, the oil/gas saturation and the
geology is important for appropriately designing the well completion. Understanding the

formation permeability and productivity variations depend on the efforts of modeling.

2.4.2 Reservoir condition and recovery challenges

Horizontal wells can increase reservoir hydrocarbon recovery, but they also pose unique
reservoir challenges. Without proactively managing inflow, destructive erosion of the
sandface or early gas breakthrough is likely.

The reservoir conditions are dynamic since the initial conditions of the reservoir do not
stay the same. Changes in fluid viscosity, density, and velocity may occur under different
circumstances. The ICDs are installed permanently upon the completion of a well based
on the initial reservoir conditions and some predictions of the reservoir performance.

The reservoir conditions have a major impact on the total recovery. The oil production
rate is typically affected by the reservoir heterogeneities and the heel to toe effect,

causing more imbalanced production profile.
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2.4.3 Annular flow

An open annulus allow high rate of fluid inflow, after gas or water breakthrough from
high productivity completion sections to result in high rate, annular flow along the whole
zone.

Annular flow occurs unless there is isolation packer installed in the annular space
between the ICD and the formation sandface at every ICD joint. Annular flow will exist
if an annular space is not reduced or packed with gravel or collapsed formation sand.
Annular flow elimination is essential condition for achieving the regulatory effect if ICDs
installed across heterogeneous formations. One method to fill the annulus outside the
screen with gravel to support the formation is described in Augustine et al. Another way

to achieve annular flow elimination is by installing Swellable packers [10].

Y ) )

WM_W—W
Figure 8: The annulus flow equivalent to a pipe lying besides the tubing [10]

2.5 Design Inflow Control Device

2.5.1 Design considerations

The ICD screens are either Orifice/nozzle-based (restrictive), Helical-channel/labyrinth
pathway (frictional). Normally, the screens are not designed to prevent 100% blockage of
all particles from the formation. During production, formation fines that are produced
through the screen also pass through the ICD. These fines can and will erode an ICD over
time if the fluid velocity is high enough and fines are in the flow stream.

ICD must be properly designed for to accomplish design purposes. Appropriate design
for an ICD completion requires both good knowledge of the reservoir and the geology of
the formation. Factors like permeability, reservoir pressure are critical for the
design. Passive Inflow Control Devices are permanent downhole components that
passively provide a preferential flow condition for oil versus water. The PICDs are not

adjustable once they are installed in the well, thus the inflow control system does not
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have any degrees of freedom to manipulate the flow path diameter. The location of the
device and the relationship between rate and pressure drop are fixed. This makes the
design of a well completion and inflow control devices more dependable on the structure
of the well and the reservoir conditions.

A reasonable design of ICD completion may have promising potential to cut gas coning
and water production as long as good zonal isolation across layers and sections exist. The
zonal isolation delays the gas coning or water breakthrough and reduces annular flow
capability.

The design of the optimal ICD depends on the reservoir pressure, the oil/water saturation
distribution and the limits of permeability. The well characteristics often changes from
initial flow input used to select the desired ICD. Hence, an ICD with automatic
adjustment capability to compensate for changes in well inflow condition is desired.

2.5.2 Reliability

The reservoir challenges may change in the lifetime of the well is a critical reliability
issue. Likewise, the impact of an inflow control device is a function of time. Since a
typical well with ICD can be in production from 5 to > 20 years (Garcia, 2009) the long-
term reliability is a crucial to the wells performance.

ICD reliability can be evaluated in term of erosion or plugging of the ICD flow
restriction'®. The plugging resistance is crucial to the performance of completion. Sand
deposition can cause ICD plugging. The plugging potential of the ICDs due to sand
deposition can be reduced significantly with Stand- Alone-Screen™ (SAS). To ensure a
minimum plugging risk, an ICD design process should take account of a minimum flow
restriction diameter in case of an equipment failure for sand measuring or control.
However, the sand deposition can be reduced by the utilization of gravel packs®.

A significant factor in the reliability of an ICD is its ability to maintain uniform and
controlled influx over the well life. Typically for horizontal wells in uniform formations

the flow normalizing effect created by the ICD delays the onset of gas and/or water

“ Invalid source specified.

15 (J. Augustine, 2008) The SAS completion prevents the production of sufficiently large sand particles that
may plug the ICD’s flow restriction.

16
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coning along the whole horizontal section. However, there are uncertainties with respect
to drilling accuracy, and in heterogeneous formations localized gas breakthrough will
damage the oil production. This is due to many variable factors such as the permeability
distribution, the sand thickness, communication to the neighboring aquifers and gas cap.
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2.6 Equipment to design a well completion with ICD

The completion designs vary a lot from one well to the next. Consequently, the
equipment cost also varies due to the cost of purchase and installation. In addition to the
regular components; e.g. wellheads, tubing and accessories, the ICDs are installed with
other equipments for adding the features to the completion.

Figure 9: Zonal isolation with packer (Statoil, Larsen)
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Figure 10: Annular packer
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Figure 11: Swellable packers

Figure 12: Standalone screen
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The ICD screens are more resistant to plugging and erosion because the ICD modules
reduce axial annular flow (in the screen/wellbore) to a negligible level [18].
The ICD screens are usually combined with:

e Annular flow isolation in the form of Swellable packers (Figure 10)

e Gravel pack

e Mechanical shutoff

2.6.1 Swellable packers

Swellable packers use rubber around the packer that will expand when the hydrocarbons
or water comes into contact. Expanding the rubber will ensure that the annulus is
permanently sealed. Swellable packers are included to compartmentalize the reservoir
sections below the fracture.

The number of zones controlled with ICDs is only limited by the number annular flow
isolation packers employed and the additional ICDs and packers (Figure 9). An ICD
completion can potentially have as many controlled intervals as required.

The use of annular packers can also provide the same annular flow constriction. How to
design a screen based completion depends highly on the reservoir properties but also on

vendor’s philosophy.

2.6.2 Gravel pack

The ICD screens are gravel packed to restrict annular flow and give zonal isolation which
optimizes regulation of reservoir heterogeneities. The gravel pack will assure efficient
sand control by preventing annular flow and thus optimizing flow in the heterogeneous
reservoir zones. The figure below, Figure 13 illustrates the packer installed with an ICD
completion.

A successful installation of the ICD completion with gravel pack is performed by
providing necessary zonal isolation. This characteristic has led to excellent field

experiences in the use of these devices to control unwanted sand production.
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Figure 13: Gravel as zonal isolation (Larsen, Statoil)

2.6.3 Mechanical shutoff

A mechanical isolation is effective if the PICD cannot control the reservoir
heterogeneities or the mobility ratio'” where the water or gas will take the path of least
flow resistance.

If a passive ICD completion is already in place and production logging tools detect water
or gas production, then a mechanical shutoff technique with zonal isolation can be
installed to improve the oil production from zones not already invaded by undesired fluid
(e.g. gas or water).

A mechanical shutoff technique need to be coupled with PICD completions to open or
close zones with the least amount of intervention (reduced operational cost).Two
mechanical shutoff options can be implemented: sliding sleeve with a PICD joint or a
sliding sleeve assembly inside the PICD completions.

These six design cases are potential options for water and gas control: (1) open annulus
with standard screen, (2) gravel pack with standard screen, (3) gravel pack with ICD
completions, (4) gravel pack with sliding sleeve, (5) gravel pack and standard screen with
sliding sleeve and zonal isolation & (6) gravel pack with sliding sleeve and zonal

isolation. An illustration of various completion designs is presented in Figure 14.

' The water or gas will take the path of least flow resistance.
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Figure 14: Mechanical shutoff options for PICD and screen completions

The first case does require additional intervention to close the sliding sleeve. The second
case requires a second annular space with a sliding sleeve and PICD, which could
promote additional pressure drop through the completion depending on the flow rate and
therefore promote uneven influx through the completion. Additional description of

sliding sleeve PICD completions is given in [19].

2.7 Types of Passive Inflow Control Devices

Various types of ICDs are constructed with equivalent methods to obtain a desired
pressure drop. The principles of design of ICDs are the same, even though the detailed
composition may vary from one to another. The design premises depend on the reservoir
conditions and the actual pressure drop desired for the inflow regulation.

The ICDs are designed to apply a specific differential pressure at a certain flow rate. The
induced pressure drop across each ICD unit is based on the pre-set design depending on
the reservoir conditions that are targeted for equalizing the pressure. The ICDs have a
pre-set flux rate associated with the completion which matches the requirements for the

reservoir.
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Many different Inflow Control Devices have been developed to fit according to the
reservoir conditions and to give the desired pressure drop in the completion. Currently,
there are three primary types of ICD designs in the industry:

- Helical-channel/labyrinth-based inflow control device — e.g. Channel-type ICD

- Orifice/nozzle-based inflow control device — e.g. Nozzle-type ICD

- Hybrid/spiral-based inflow control device — e.g. Spiral-type ICD
The ideal solution is to provide the lower viscosity sensitivity of the restrictive device
with the low erosion and high plugging resistance level of the frictional design. This
means using the restrictive pressure loss mechanism while limiting the fluid velocity
through the device below the critical level, which will minimize erosion potential.
The most commonly used ICDs belong to two different categories of ICDs, the so-called
Channel-type and Nozzle-type ICD [21]. These three PICD designs apply three different
methods to generate a pressure drop.
There are also variations of channel design and nozzle design. Even with different
configurations, the basic principles of how the ICDs work are the same. The following
categories are the main classification of the ICDs.
The ideal solution is to provide the lower viscosity sensitivity of the restrictive device
with the low erosion and high plugging resistance level of the frictional design. This
means using the restrictive pressure loss mechanism while limiting the fluid velocity

through the device below the critical level, which will minimize erosion potential.

2.7.1 Helical-channel-based ICD

The Helical-channel (Fig. 18), use surface friction to generate a pressure drop. The
Helical-channel design is one or more flow channels that are wrapped around (labyrinth
form) the base pipe of the screen. This ICD is designed to create a pressure drop while
the fluid travels a crooked pathway changing its directions numerous times.

These designs provide for a distributed pressure drop over a relatively long area, versus
the instantaneous loss using an Orifice. Using friction to create a flow resistance allows
the use of a channel with a larger cross-sectional area than an Orifice-based ICD. This
inflow device imposes a differential pressure by "means of" multiple helical channels
through preset dimensions (diameter and length) at a specified flow rate. The Helical-
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channel based ICD reduces the chances of erosion and plugging. This ICD form can
cause problems in maintaining a uniform influx in wells where there is a larger difference
between viscosities of the oil and produced water or gas.

The Orfice-based and Channel-based ICDs are presented in the schematic illustration

below:

Figure 16: Channel-based ICD screen (Moen et. al., NTNU)

Figure 15: A nozzle based ICD screen (Moen et. al., NTNU)
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Figure 17: Existing helical (channel-based) ICD
design creates the desired flowing pressure loss via
friction as fluid passes through the channel(s).

Figure 18 . New hybrid ICD design uses a distributive
restrictive geometry which is less sensitive to erosion and
maintains the plugging-resistance flow area of the helical
design.

2.7.2 Orfice/Nozzle-based ICD

The Orifice/Nozzle-based ICDs use an instantaneous fluid constriction to generate a
differential pressure across the device. This method essentially forces the fluid from a
larger area down through small-diameter ports, creating a flow resistance.

The change in pressure while flowing is what allows an ICD to function. This ICD varies
the Orifices/Nozzles with different flow characteristics and differential pressure. This
configuration has multiple orifices to create flow resistance and an optimal pressure drop.
The ICDs of this type have resistance that varies with the adjustment of open
Orifices/Nozzles. The Nozzles have arbitrary diameter to create flow resistance and to
produce a desired velocity. Figure 16 illustrates the Nozzle type ICD.

This design is chosen to make it as easy as possible to allow the fluids to pass through.
The nozzles are the only flow constrictions in the system. This makes it easy to control
the performance of the system. An additional pressure resistance is generated in the
device as fluid flows and passes through a number of preconfigured nozzles. An

advantage of this ICD type is its design simplicity.
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2.7.3 Hybrid/spiral type ICD

The Hybrid ICD is not a friction based unit. This design has a series of bulkheads
incorporated in the design, each of which has one or more slots.

The primary pressure drop mechanism is restrictive, but in a distributive configuration,
as described in [20].

This configuration is also found in a new design which is adjustable hybrid ICD design.
The erosion-resistance level of the adjustable hybrid ICD is attributed to its large flow
areas, which allow reduced velocities throughout the ICD. The main features of this ICD
are displayed in Figure 17 above.

2.7.4 Halliburton and FlowReg ICD

Different ICD vendors have different approaches when it comes to design. The unique
design characteristics of individual screens have different average drawdown pressure
and pressure distribution schemes [20].

In Halliburton’s EquiFlow ICD (Figure 20), the fluid flows through the five components:
1) production through screen; 2) into inlet tube; 3) across tube chamber; 4) into outlet
tube; and 5) into the base pipe and then to surface.

Weatherford offers a similar solution for reducing early water or gas production in
horizontal wells — the FloReg ICD (Figure 19), which can be supplied with choice of
sand screens. The device enables a predetermined setting of the desired pressure drop
(heel-to-toe) along the production string, using multiple open or closed flow ports

to provide the required reservoir management.
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2.8 Advantages and Disadvantageseach PICD type
2.8.1 Helical-Channel/Labyrinth- type restrictor

The ICD design best suited for a long service life uses a helical flow channel located in
the screen assembly between the filter cartridge and the opening into the screen body.
The helical flow channel creates a very precise, and repeatable, pressure drop for a
specified fluid density and flow rate. The flow restriction is created by the fluid friction

with the walls of the helical channels.

The number of channels and their length can vary to create the desired flow restriction.
This design maintains fluid flow velocity relatively low, when compared to an orifice-
type restrictor, and results in very small erosion potential. This yields a product with a

long service life.

2.8.2 Orifice/Nozzle-type restrictor

The benefits of an orifice- or nozzle-based PICD is its simplified design and easier
adjustment immediately before running in a well should real-time data collected during
drilling the well indicate the need to change flow resistance.

The disadvantage of the orifice- or nozzle-based PICD is the small diameter ports
required to create flow resistance, which make it both prone to erosion from high-velocity
fluid-borne particles during production and susceptible to plugging, especially during any

period where mud flow-back occurs.

2.8.3 Hybrid/Spiral- type restrictor

Without the need to generate the pressure drop instantaneously, as with an orifice, the
large flow areas of the hybrid PICD reduces erosion and plugging potential with a great

amount.

Comparing the minimum flow area through the hybrid design to the existing helical
design shows the hybrid design to be only slightly less than a three-channel PICD, but

greater than a two-channel design. Since the amount of actual field experience with the
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helical design indicates no plugging problems during initial well cleanup and production,

it is anticipated the hybrid design will also be plugging-resistant.

2.9 Benefits of passive inflow control device technology

Potential benefits associated with an ICD completion are
- Optimize production
- Delay water progress and prevent gas coning in the reservoir.
- Minimize/Eliminate annular flow and thus reduce the risk of sand production and
subsequent erosion “hot-spots”.
- Improve well-cleanup and reduce the effect of formation damage cause by drilling
of the well.
Passive control is effective when the distribution of formation properties such as
permeability and connectivity to external drive, e.g. gas-cap, is well known. Passive
control can be implemented in a variety of ways including liner completion with channel-
based screens, branched liners as in multilateral wells, and cased completion with fixed
chokes.

2.9.1 Success factors of PICD Technology

With the ICDs it is possible to optimize the recovery, and gain higher production rate in
terms of extended reservoir contact. Typically for horizontal wells in uniform formations
the flow normalizing effect created by the ICD delays the onset of gas and/or water
coning along the whole horizontal section.

-Clean-up®®

The passive inflow control completion, compared to other completions, has several
benefits regarding improved oil recovery. The use of the ICD technology is significantly

changing the clean-up performance.

18 (s.L. crow, 2008) PICD Clean up effect
'8 (s.L. Crow, 2008) (Birchenko, 2008)
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By using a proper nozzle setting, the sections difficult to clean up is stimulated as an
additional pressure drop is applied to these sections until they start contributing with a
proper flow rate. PICDs reduce the impact of high permeability intervals with an

improved well cleanup and sweep efficiency.

PICDs can provide improved well clean-up reducing the effect of formation damage
caused by the drilling of the well. ICD completion combined with sand control
technology has resulted in significant savings for the operator and improved production

in horizontal oil wells.

-Gas coning

Beside the clean-up effect, equalizing the flux along the well path, gives reduced coning
effects. Reduced annular flow reduces the risk of sand production behind the screen and
subsequent plugging or erosion.

ICD completions restrict gas influx at the onset of gas breakthrough due to the

(relatively) high volumetric flow rate of gas.

-Plugging/Erosion®

An ICD completion can contribute to minimize the annular flow and thus reduce the risk
of sand production behind screen. Cutting-down the amount of sand production, may
subsequently reduce the plugging and erosion®. This can effect optimize production and
reduce the risk of sand production significantly, which in turn results in declining the

plugging or erosion "hot-spots”;

-Water coning

Inflow control devices have the potential to delay the water production and the gas
breakthrough. ICDs can be good completion option for balancing oil and water inflow

and thus delaying water coning. Mitigating the non-uniform production profile across the

19(J. Augustine, 2008)
0 Erosion is expected to occur at higher permeability zones in heterogeneous formations.
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horizontal hole, especially in the big fractured reservoirs may result in premature water

production.

2.10 Challenges and Risk of Inflow Control

The ICD design has a significant impact on the performance of the system. The risk
associated with the backflow of the drill fluid is highly dependent on design details of the
hardware. The problems associated with pressure draw-down have an impact on the
performance.

Without inflow control, a pressure drop along the well bore makes the draw-down higher
in the heel than in the toe. This favors cleaning of mud cake from the heel, which
reduces the draw-down available for cleaning of the lower sections. The draw-down
available limits the maximum flow rate for clean-up, and thereby limits degree of

removal of mud cake.

-Pressure drawdown?

Higher pressure drawdown around the Heel-section, as a result of frictional pressure drop
of fluid flow in the wellbore, causes non-uniform fluid influx along the length of the
wellbore. However, the increased wellbore length has led to some problems in producing
from such a well.

The frictional pressure drop in the horizontal completion results in higher production
rates at the heel. Frictional pressure drop in the horizontal completion causes the inflow
to be distributed unevenly and to be greatest at the heel of the horizontal section. Uneven
drawdown leads to a non-uniform inflow-rate, and areas of higher drawdown can
increase the chance of sand failure.

Areas with higher drawdown at the places where high sand production is experienced,
increase the chance of sand failure?, they the rates may damage the screen. At places
where high sand production is experienced because of higher draw-downs, the rates may

damage the screen. This may lead to an early breakthrough of water or gas causing a

?! (L.-B. Ouyang, 2006; Ouyang, 2009)
*? (Garcia, 2009)
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reduction in oil recovery. The consequences of the damage may affect the recoverable

reserves and result in uneven sweep of the drainage area.

-Pressure draw-down reduction

The reduction of pressure drawdown reduces the amount of fluid (oil and water) that
enters along the sections. The ICD settings are usually adjusted section by section
according to layer location and the related layer-properties. For a uniform ICD
completion the anticipated amount of inflow is achieved in terms of reducing water

production.

-Shortcoming of PICDs

The key to achieving uniform flow across the completion is a screen technology that uses
a helical-channel 1ICD mounted to the base. Typically for horizontal wells in uniform
formations the flow normalizing effect created by the ICD delays the onset of gas and/or
water coning along the whole horizontal section. However, there are uncertainties with
respect to drilling accuracy, and in heterogeneous formations localized gas breakthrough
will impair oil production. This is due to many variables such as the static effects of
absolute permeability, permeability distribution and geometry (sand thickness and well
elevation), dynamic effects of the wells distance to liquid contacts, global moments based
on aquifer communication to surrounding aquifers and gas cap, neighboring wells and

past production history.
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3. Smart Well Simulation

3.1 Introduction to Gullfaks sgr reservoir
From the extended case we found that the field gas oi

simualtion is about 14000 Sm3/Sm3 and the field water cut 2*is about 0.28 which can be

| Zratio at the end of

seen in figure 22. Thus the high GOR is the main problem in this reservoir which will
result in low oil production rate since gas has a higher mobility ratio than oil and loss gas
in the reservoir which can maintain the pressure in the reservoir. The higher gas
production rate also leads the problem in the process on platform GFA too, so in the
smart well model we have to control the gas and if the gas has reach the maximum
amount we specified that zone will be shut which can be done remotely from the well.

— FGOR ws. DATE (GFS_RESTART)
— PWCT ws. DATE (GFS_RESTART)
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Figure 21: FGOR and FWCT in the extended case

3.2 The trajectory of the smart well
The assigned smart well has 5 branches, however the extended case which has 4

new production well has 7 branches, so we have to place the 5 branches of smart well in
order to cover the area of the field so that the drainage area of the new smart well case

will cover the area as much as in the extended case.

> FGOR
Y FWCT
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However we cannot make the 5 branches smart well to have the total length as
long as the total length in the extended case because the number of branches is lower.
Though we make 5 branches well to have the total length equal to the total length in the
extended case, the length of each branch will be too long and will be not reasonable. In
order to easily compare with the extended case we decided to place the well in the same
trajectory of extended case. So we have to choose 5 from 7 branches in the extended case

from the figure 23.

Lt YE

OilSat

L

T T T
0.00000 023763 047606 071268 086013

Figure 22 : The location of the added well in the extended case

Here are the W1, W2W3, W4W5, W6W7 comparisons.
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— WGPTW1 vs, DATE (GFS_RESTART) — WOGPTW4AWS vs. DATE (GFS_RESTART)
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Figure 23: WGPT for well W1, W2W3,W4AW5,W6W7
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Figure 24: WOPT for well W1, W2W3 W4AW5,W6W7

We see from the figure 25 that the W6W?7 is the most closed to GI2 so the gas will
be break through to this well more easily than other wells and the position of these 2
branches is placed near the production well G-4H. Moreover if we consider the

cumulative gas production curve and cumulative oil production curve, we can find that
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well W6W?7 has the highest cumulative gas production and has the second lowest oil
production. The cumulative oil production of W6W?7 is higher than W1 because W6W7
has 2 branches while well W1 has only 1 branch. Thus, the well W6W?7 has the worst
performance compare to all of the well we added in the extended case . From this reason,
we will eliminate this well and make 5 branches smart well from the trajectory of W1,
W2W3, W4WS5 and make the well head at the same position as W4W5 well. This 5-
branch smart well is named ‘RONALDO’

Because each added wells in the extended case (W1, W2W3, W4WS5) has already
divided in to many segments so for simplifying the task we then divided the smart well
‘RONALDO’ into the same segment as in the extended case. The list of the segments are

1. branch 1: from segment number 1 to 40

2. branch 2: from segment number 41 to 84

3. branch 3: from segment number 85 to 125

4. branch 4: from segment number 126 to 162

5. branch 5: from segment number 163 to 200

Each branches is connected to the first branch on segment number 1, we chose
this model as this well can have a back pressure effect in this well so it will be more

realistic to be used as shown in figure 26

Cilsat

0.00000 0.97070

Figure 25 : The location of the new 5 branches smartwell
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3.3 Procedure of making smart well
After we divided well “RONALDO” into 200 segments, we have to make the well

to be smart by adding the command to open and close the well when it reaches the
specific condition. At first we have no idea how to proceed it so we sent email to ask our
advisor in STATOIL *“Ole Jorgen Birkenes’ and he replied back some of the methods to
use. Thus, we tried to build a model by using ACTIONS and WELOPEN commands. In
the first command *ACTIONS’ is used to make a condition for the system, and the other
command “WELOPEN?” is used for open and close the well in each segment. In this case
we have to make a criterion which is the maximum amount of GOR because in our
reservoir system the produced gas from the production well is the main problem.

In smart well case, if the GOR of each segment reaches the value we set, that
segment will be closed automatically. So, we have to set the limit for GOR in each
segments. We see from the FGOR of the extended case that it reaches the value of 14000
Sm3/Sm3 which is so high so we have to set a limit of GOR in a reasonable value. The
high limit of GOR will lead each segment to produce longer before shut in but will result
in high gas production, lead the pressure of the reservoir not to be maintained and may
result in low oil production rate. While the low limit of GOR will lead each segment to
produce shorter before shut in but produce with lower GOR so the pressure will be
maintained. We try to optimize the value of GOR by trial and error and finally we get the

optimum gas oil ratio limit for each segment to be 10000 Sm3/Sm3.

3.4 Result of the simulation

At first we tried to simulate the system until 2030 as in the extended case,

| 2°of the smart well is still lower than the

however the result of field oil production tota
extended case but the smart well curve seem to go up continuously so we extended the
case to 2037 and see the result.

The two below figures show the extended case in beginning and at the end of the

simulation.

> FOPR
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Figure 26: Well status at the beginning of simulation in extended case
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Figure 27: Well status at the end of simulation in the extended case

The two below figures show the smart well case in beginning and at the end of the

simulation.
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Figure 28: Well status at the beginning of simulation in smart well case
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Figure 29: Well status at the end of simulation in smart well case

0.97070

0.97070

We can see from the well trajectory from both cases that after the production to

2037 the number of the wells that is shut (due to the lower pressure) in the extended case

is higher than the number of the well that is shut in smart well case.

Moreover, at the end of simulation, the numbers of segments of the production

well in the extended case are shut higher than the number of segments in the smart well

case. These results from the production well cannot produce oil anymore due to the lag of
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pressure. While in the smart well case, the pressure is high and the well can open to

produce oil. We can see it from the field reservoir pressure 2®in Figure 31 .

— FPRuws DATE (GFS_RESTART)
FPR ws, DATE [SMARTWELL)
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Figure 30: FPR for extended case and smart well case

In the smart well case, the segment will be shut if the GOR is higher than 10000
Sm3/Sm3 so if one of the segment has a higher GOR than criteria, that segment will be
shut and result in higher oil production. The reason for high oil production when we shut
the segments which has high GOR is because gas has a higher mobility ratio when
produce with gas, the gas will come to the producer fast and leave the oil in the reservoir ,
even though we produce longer we cannot produce significantly more oil in the system.
Another reason is the gas is left in the reservoir can maintain the pressure in the reservoir
which extend the plateau rate of oil production. The smart well case which can be
maintained the reservoir pressure has the higher possibility to have higher cumulative oil

production.

® EPR
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3.4.1 The result in gas production
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Figure 31: FGOR for extended case and smart well case
— FGPRvs. DATE (GFS_RESTART)
FGPR ws. DATE (SMARTWELL)
BRO000G t
BO0000G —_
4000000 —_
3000008 ;
& _
2 ] T
52000000 —
£ ]
100000¢ —_
o I I ] ] I I I ] ] I
171,00 171704 1/1/08 1,/1/12 1/1/16 1,/1,720 141/24 1/1/28 171732 1/1/36
DATE

Figure 32: FGPR for extended case and smart well case
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Figure 33: FGPT for extended case and smart well case

We can see from the gas production curve that the gas production is lower than the
extended case since we control the gas oil ratio (GOR) in each segment. The GOR in the
smart well case is approximately 3 times lower than the extended case at the end of
simulation (2037).
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3.4.2 The result in oil production
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Figure 34: FOPR for extended case and smart well case
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Figure 35: FOPT for extended case and smart well case
Though the oil production rate (and also cumulative oil production) in the

extended case is higher than the smart well case at the beginning of the production as the
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extended case which has more branches and has a higher drainage area. But then, the

extended case’s oil production cannot maintain the higher rate due to high gas

production while the smart well case, oil production can maintain in the plateau rate and

lead to higher cumulative oil production at the end of simulation than extended case.

3.4.3 The result in water production

FWCT dimensicnless

— PWCT vs, DATE (GFS_RESTART)

0.60 ™

0.50

a
=
)

0.30

0.20

014

2
=]
3

FWCT ws. DATE (SMARTWELL)

G

1}1/00 1/1&04 1/1»08

T
1/1/12
DATE

1/1>1s

1/1;20

1/1I/24

1/1?28

1/1532 1/1)3@

Figure 36: FWCT for extended case and smart well case
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Figure 37: FWPR for extended case and smart well case
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From the figures above, we can see that the water production in the smart well case is

lower than the result in the extended case which is a positive result for the reservoir.

Figure 38: FWPT for extended case and smart well case
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We can conclude from the results of simulation that smart well will make a better result
to the whole system, higher oil production, lower water production, lower gas production

which is a good idea to implement in field development. .
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4. Inflow Control Device Simulation

4.1 The ICD Well Trajectory Segments and The ICD Segments
We also use the trajectory of ‘RONALDO’ to Infow Control Device (ICD) Scenario. In

ICD scenario, the ‘RONALDO’ also have 5 branches:
1. branch 1 : from segment number 1 to 40
2. branch 2 : from segment number 41 to 84
3. branch 3 : from segment number 85 to 125
4. branch 4 : from segment number 126 to 162
5. branch 5 : from segment number 163 to 200
Each branch is connected to the first branch on segment number 1.
Then, ICD locations:
1. ICD of branch 1: from segment number 201 to 239
2. ICD of branch 2: from segment number 240 to 283
3. ICD of branch 3: from segment number 284 to 324
4. 1CD of branch 4: from segment number 325 to 361
5. ICD of branch 5: from segment number 362 to 399

4.2 Procedure of making ICD
We will write briefly our process to get the final ICD Model in ECLIPSE 100.

1. First Trial ICD Model

| OPEN !
-7 1
e
' |
T e—
' |
e
I__-L]
L1 —
I___]-—_I
| 1
_____ «—
I___-J-_I
Lo e
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First, we try to use ICD using the above model, but ECLIPSE 100 can not calculate

the solution and define the fluid properties in every segment. Then, we try to use

Statoil’s suggestion ICD model by adding another segment ‘y + 1’ beside ‘y (actual)’

segments.
2. Second Trial ICD Model

Our first modified ICD model is shown in figure below. Actually, we want to make

ICD Statoil’s model, but we have no experience to make trajectory using
WELSPECS, COMPDAT, COMPSEG, and WELSEG then we produce model as

below. Reservoir fluid can only flow through ICD (dashed line).

SHUT

The ECLIPSE 100 trajectory-model is shown below:

TPG4851 - EXPERTS IN TEAMWORK





GROUP IV — GULLFAKS VILLAGE 2010

RONALDO

T
023785

Figure 39: Second Trial : Multilateral-well with ICD

Because the trajectory is zigzag, we do not use this model and try other trials until we get

the final ICD model below.

3. Final ICD Model
We try to make ICD model like Statoil’s model in Troll Field Presentation which is
shared by our mentor. After several trial and error and read reference manual
ECLIPSE 100, we get the final ICD model below.

SHUT | OPEN !
-7 1
—: : —
| [ |
| [ 1
—: : —
|
-7 1
S S
-7 1
SO
-7 1
—: : —
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The ECLIPSE 100 trajectory model is shown below:

RONALDO et

Figure 40: Final ICD

We worry about gray in branch 3, 4, and 5 in the simulation. Then, we make quality
check (QC). To check (QC) the gray in branch no. 3, 4, and 5, we check branch no. 5 by
plotting segment oil flow rate (SOFR) in branch 5 vs. branch 5’s segment number (from
segment 163 to 200). We can see from plot below that the branch 5 is working, although

there is indication cross flow along branch no.5.
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Figure 41: QC from branch no. 5: Segment no. 163 to 200

We may have uncertainty because we use 399 segments for ‘RONALDO’ which

ECLIPSE 100 recommends user that there should be no more than 25 segments per well

in order to ensure a reasonable level of performance.

The figure below illustrates our final model which looks like Troll’s ICD model.

RONALDO

Figure 42: Five branches well with ICD model like in Troll’s ICD model

We use similar ICD criteria for all segments:
1. spiral ICD
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2. strength of ICD : 0.00021, we use this number as the strength of ICD in ECLIPSE
100 manual example
3. another parameters use defaults in ECLIPSE 100

- (Peal Mix' 1A P iz 2
OP = | £ =) “As1ep 9
Pmix Heal” Pear

Source: ECLIPSE 100 reference manual, page 2538

4.3 The ICD Reservoir Simulation Result

4.3.1 Field Gas Oil Ratio (FGOR)
ICD scenario (red line) has lower GOR compare to extended case (green line). It is

shown on below figure.

— FGOR vs, DATE (1001CD)
FGOR va. DATE (GFS_RESTART)

12000

00 =

OR  SM3/SM3
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1/1,/00 1/1/04 1/1/08 1112 111716 1/1/20 11/24 11728 /132 1/1/36

DATE

Figure 43: ICD FGOR vs Extended Case FGOR
4.3.2 Field Oil Production Rate (FOPR)

ICD profile rate (green line) is more stable than field oil flow rate of extended case (blue

line).
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FOPF ve. DATE (100150)
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Figure 44: ICD FOPR vs Extended Case FOPR
4.3.3 Field Oil Production Total (FOPT)

ICD FOPT (green line) is lower than FOPT (blue line) of extended case before 2030, but
ICD FOPT is higher than extended case after 2030.
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Figure 45: ICD FOPT vs Extended Case FOPT
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4.3.4 Field Gas Production Rate (FGPR)
ICD FGPR (red line) is almost lower than FGPR extended case.

— FGPRwvs, DATE (1001CD)
FOPA s, DATE (GFS_RESTART)
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Figure 46: ICD FGPR vs Extended Case FGPR
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4.3.5. Field Water Production Rate (FWPR)
ICD FWPR is almost lower than FWPR of extended case.

= PWFR vs. DATE (100ICD)
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Figure 47: ICD FWPR vs Extended Case FWPR
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4.3.6 Reservoir Pressure
ICD reservoir pressure is higher than reservoir pressure of extended case at the end of

simulation in 2037.

!
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Figure 48: ICD reservoir pressure vs Extended Case reservoir pressure

Based upon figures above, we can see that ICD case has positive effects to reservoir
management. It will make oil rate, gas rate, and water rate have better profile.

Since, GOR is managed, reservoir pressure can be maintained. As we know that gas is in
reservoir has high compressibility which can maintain reservoir pressure still high until
2037.
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5. Reservoir Simulation Comparision: Smart Well, ICD,
And Extended Case

Smartwell and ICD have quite similar performance in our reservoir cases
1. higher FOPT than extended case after 2030
2. lower FGOR than extended case
3. lower FWPR and FGPR than extended case
4. maintain better reservoir pressure
We can see FOPT, FGOR, FWPR, FGPR on belowed figures.

FOPT vs, DATE (1001CD)
= FOPT vs, DATE (GF5_RESTART)
FOPT vs, DATE (SMARTWELL)
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Figure 49: FOPT: Smartwell, ICD, and Extended Case
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FGOR SM3/5M3
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Figure 50: FGOR: Smartwell, ICD, and Extended Case
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Figure 51: FOPR: Smartwell, ICD, and Extended Case
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Figure 52: FGPR: Smartwell, ICD, and Extended Case
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Figure 53: FWPR: Smartwell, ICD, and Extended Case

UR [OR Challenge Part B | Reservoir Simulation Comparision: Smart Well,

ICD, And Extended Case






IOR: GULLFAKS S@R STATFJORD
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Figure 54: Reservoir Pressure: Smartwell, ICD, and Extended Case

If we compare the ICD case and smart well case, we find that ICD case has higher
pressure, higher oil production total, higher GOR and approximately the same in water
production compare to smart well case, and however, the difference between 2 cases is not
significantly high and looks almost similar in the overall.
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6. Economic Evaluation
In order to consider if the project should be done or not, we have to make economics

evaluation to find the best alternative which will return the highest profit in the project.

6.1 Cost Data And Economic Assumptions

Cost data and economic assumptions are provided by Statoil. To calculate revenue, if the time is
in the past we use oil and gas price from actual data and if the time is in the future we use
Statoil’s assumptions.

In this report, due to limited data of Smart Well and ICD well, we assume the two type wells cost
have similar to conventional well (‘normal” well) cost. We assume the extended case and
‘RONALDO’ can be compared as apple to apple since in extended case, we have 6 new wells
cost (W1, W2W3, W4W5, W6W7, G1, G2) and in ‘RONALDO?’ case, we have ‘3’ new
producer wells cost (W1, W2W3, W4WS5 as a new well) and 2 gas injector wells cost (G1, G2).
The used other assumptions are listed on below table.
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Table 1: Cost Data and Economic Assumptions

COST DATA AND ECONOMIC ASSUMPTIONS ASSUMPTIONS
Subsea Development

One four slot template with all pipelines 1 500 MNOK

Two four slot template with all pipelines 2 500 MNOK

Three four slot template with all pipelines |3 500 MNOK

Drilling

Semi-submercible 400 MNOK/well

Jack-up 300 MNOK/well

Own drilling rig 150 MNOK/well

Operation Cost

Operations sub-sea 100 NOK/bbl oe

Plugging and abandonment

Sub-sea 200 MNOK

Economics assumptions

Gas price 200 NOK/bbl oe increasing 3 % p.a
Oil price 400 NOK/bbl increasing 3 % p.a.
Inflation 1%

Discount factor 5%

Sensitivities

Oil and gas prices (OGP) increasing 5% p. a./decreasing 2 % p. a.
Production +/- 30 %

Investments +/- 40 %

Actually, Smart well and ICD well CAPEX (Capital Expenditure) will be higher than ‘normal’
well. CAPEX will be higher because of more equipment in the two type wells, i.e. Smart Well
and ICD Well. But we probably can reduce OPEX (Operation Expense), since we no need well

intervention to open/close zone
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6.2 Result from economics evaluation
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We can see from 2015-2030 the cumulative net present value of extended case is still
higher than in the smart well case and ICD case (which result from the lower cumulative oil
production). The payback period in the extended case which is in 2017 is also shorter than the
other case which in 2019.

However in the end of simulation (2037) the graph that the cumulative net present value
for the smart well and ICD is higher than extended case at the end of simulation (result from

higher cumulative oil production). The ICD case has the highest cumulative NPV which is about
2864 MNOK as we can see in the decision tree diagram.
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6.3 Decision tree diagram Extended case with platform

2MNOK

Extended case with platfgrm

Extended case with Jack-up
MNOK
ICD with platfor

ICD with platform
NOK

ICD with platfor

ICD with Jack-up

2789MNOK
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SMARTWELL with
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platform
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SMARTWELL with Jack-up
2660MNOK

The cumulative NPV of Smart well and ICD is higher than the extended case. Moreover if we
look at the FOPT curve there is a tendency that the cumulative oil production will increase after
2037. So in the long term of investment, the smart well and ICD case is recommended to be used

in this development. The ICD case is the best method for reservoir development in this case.
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6.4 Sensitivity analysis
We get table below from sensitivity calculation which assumptions are given by Statoil, as we
have stated above in

Table 2: Sensitivity Analysis Calculation of Extended Case, Smartwell and ICD Well
OIL AND GAS PRICE

Case Name 5.00% 0.00% -2.00%
RESTART 37.12% 0.00% -67.71%
SMARTWELL RONALDO 47.49% 0.00% -77.39%
ICD RONALDO 46.20% 0.00% -75.53%

HYDROCARBON PRODUCTION

Case Name 30.00% 0.00% -30.00%
RESTART 94.97% 0.00% -9.50%
SMARTWELL RONALDO 89.88% 0.00% -8.99%
ICD RONALDO 87.20% 0.00% -8.72%
INVESTMENT
Case Name 40.00% 0.00% -40.00%
RESTART -86.44% 0.00% 86.44%
SMARTWELL RONALDO -79.67% 0.00% 79.67%
ICD RONALDO -76.09% 0.00% 76.09%

On figure below, we can see the sensitivity NPV Change (%) to three variables, i.e. oil and gas
price (%), hydrocarbon production (%) and investment cost (%). The more sensitive NPV

change to one of three variables above, the sharper gradient the variable.
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Figure 55: Sensitivity Analysis Curve

We can see that Oil and Gas Price (OGP) has the sharpest gradient than others. Then, if it will be
followed by hydrocarbon production increasing, investment cost increasing/decreasing and last
hydrocarbon production decreasing. It means the project has the highest sensitivity to oil and gas
price, then it is followed by hydrocarbon production increasing, investment cost
increasing/decreasing and last hydrocarbon production decreasing.

It is shown in above table, if oil and gas price change from assumption, the NPV change
percentage will be 8-39 times of oil and gas change percentage. It is much more significant
compare to other variable. So, these projects have high risk in uncertainty oil and gas price in the
future.

Although the hydrocarbon production and investment cost have quite significant change, if the
numbers in hydrocarbon production and investment cost change, the NPV change percentage
will be affected twice from hydrocarbon production and investment cost change percentage.
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7. Conclusion

1. Smart Well and ICD Case have better performance compared to extended case
2. ICD has the highest NPV considering our assumptions.
3. These Projects are very sensitive with changing oil and gas price, hydrocarbon

production, and investment cost.

8. Recommendatios

1. In this smart well/ICD case, we want to compare the extended case and smart well case
so we make the smart well in the same trajectory of extended case. However in order to
optimize the oil production (or maximize the cumulative net present value), we may place
the well in the other location so that the oil production is higher than this smart well case.
Nevertheless, this process takes a lot of time to find the perfect location.

2. As we see from the simulation that the smart well case have 5 branches but the total
production is still higher than extended case which has 7 branches. So if we increase the
number of branches, it is possible to get higher recovery. However we should consider the
economics evaluation with the new branches we add.

3. Reliability, although the smart well has a higher performance than a traditional well but
there is a problem with the reliability which means that there are a higher cost for
performance Even this problem is now less severe than the previous day but still the topic
that need to be considered.

4. In this case the problem for our well is the higher GOR, so may be if we put water
injection well instead of gas injection well.

5. Further checking in ICD model, especially in branch no.3, 4, and 5 which several
segment have gray color. We recommend using Smart well and ICD economic data to get

better representative economic evaluation.
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9. Additional Work Report

9.1 Comparison ICD with different ICD strength
We run simulation for two cases. First, we run simulation with ICD strength 0,00021 bar/m6

(100ICD) as example in ECLIPSE 100. Then we run simulation with ICD strength 0,0032
bar/m6 (SICD) as Statoil suggestion for sensitivity ICD strength cases.

We plot Field Gas Oil Ratio (FGOR), Field Water Cut (FWCT), Field Oil Production Rate
(FOPR) and Field QOil Production Total (FOPT).
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Figure 56: FGOR 100ICD and SICD

Based above picture, the stronger ICD will make lower GOR which means good.
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Figure 57: FWCT 100ICD and 1001CD
From FWCT plot, they are slightly different.
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Figure 58: FOPR 100ICD and SICD
Stronger ICD will produce higher oil rate.
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~ FOPT vs, DATE (100ICD)
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Figure 59: FOPT of 100ICD and SICD
FOPT of ICD with 0,0032 bar/m6 will produce slightly higher (13,8 MSm3) than the other (13,6

MSma3/day).
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9.2 Comparison RONALDO with smart well ,ICD and RONALDO
without smart well (RONALDO REFERENCE)
In order to see the effect of smart well, ICD, we will compare well RONALDO with smart well,

ICD to the well RONALDO without smart well and ICD (RONALDO REFERENCE) and see
the result.
Here is the figures of FGOR.

Figure 60: FGOR when RONALDO at 800 Sm3/day
However the effect of the smart well, ICD is not clearly seen in the simulation, so we try

to increase the oil production rate from 800 Sm3/day to 2300 Sm3/day. Then we can see the
difference more clarity in figure FGOR below.
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FGEOR vs. TME (TREFERENCES)
— FGOR vs. TME (T100ICD)
T FGOR va TME (TEMARTWELL)

14000 ]

FGOR  SM3/5M3

o 2000 4000 BOOG BO00 10000 12000 14000

TIME DAYS

Figure 61: FGOR when RONALDO at 2300 Sm3/day

The smartwell is working, but we can not see the effect of ICD which is reduce gas rate compare
to REFERENCE. Then we plot FOPR, FOPT, FWCT and FPR as belowed figures to see field

performance.
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Figure 62: FOPR of RONALDO Smartwell, ICD and Reference
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Figure 63: FOPT of RONALDO Smartwell, ICD and Reference
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FPR BARSA
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Figure 64: FPR of RONALDO Smartwell, ICD and Reference
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9.3 Inconsistency ICD RONALDO

We found that there is inconsistency from WOPR ‘RONALDO’ and WOPT
‘RONALDO’. WOPR and WOPT of RONALDO are shown below.

T WOPR:RONALDD vs. TME (TREFERENCES)
WOPRRONALDD ws. TME (TSMARTWELL)
WOPRRONALDD vs. TME (T100K)
3000 <)
2000 =t
z
8 -
w
3
in
o - |
g
._2: 1000 —
L
4
& - |
£
o
T | L T | | | T T
] o] 4000 o =000 10000 I 14000
TIME  DAYS
— WOPTRONALDOC ws. TME (TREFERENCES)
WOPTRONALDO wvs, TME (TSMARTWELL)
WOPT-RONALDOD ws, TIME (T100ICD)
6000000 |
000000 =

T S G e L I L L L I R L (L e

o 2000 4000 6000 BOOD 10000 12000

TIME DAYS

T
14000

Figure 66: WOPT RONALDO
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WOPR of smartwells is always higher than ICD well, but WOPT smartwell is almost lower than
ICD until Smartwell WOPT is higher than ICD in the last stage. Our hypothesis, it happens
because we have several segments which are gray as discussed before.
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11. Appendix A: Challenge no. 3 Description

Challenge 3. Improved oil recovery with smart wells
Gullfaks Sgr Statfjord has used smart wells (Ref. 3), but has mixed experiences. It could
however be possible to increase the oil recovery by using smart wells and/or Inflow Control
Devices (ICD).
1. Explain smart wells and ICD.
2. Use the Gullfaks Ser Statfjord model with a five branch well with ICD in Gullfaks Sgr
Statfjord.
3. Make a recommendation if smart wells/ICD is a measure that Statoil should implement at
Gullfaks Sgr Statfjord.
4. Positive and negative comments about smart wells and I1CD.
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12. Appendix B: Economic Calculation

12.1 Base Case: Extended Case

EXPENDITURE
INCOME OPEX CAPEX
DATE FOPT |vol il peryear] ol prize Vol gasperyear|  Gasprize |oilincome  |Gasincome |Field / offshore |CO2- duty [Gas oil transportation  [Subsea |Productionunit |Drilling  [abandon  |Cap Allowance| royalty |Fiscal allowance| Taxable income Tax Net tax cash flow i NPV wmNPY
(M3 Jsm3 (UsD/BBL) sm3 (cents per gallon]|(VNOK)  |(MNOK)  imnoK) (MNOK)  |(MNOK) (MNOK) |(MNOK) (MNOK)  [(MNOK)  [ivwok)  [imwok)  [(MnoK) (MNOK) (MNOK) (MNOK) (MINOK) (MNOK)  [(MNOK)
1999) 182525,08  182525,08] 21,39 45087848| 110,8333333|  147,3405078) 0 11,48048214) 1 1,143048214) 35001 1650 1030] 29,4681016]  1073,006632]  -925,7561241)  -185,1512248|  -185,1512248| -4860,6049 1] -4583,31438] -4583,31438]
2000] 330533,16] 14800808 34,29 62183542 1384 191,5321749 0] 9300428157 1 0,930942816) 1030] 38,306435  1079,546806 -883,0146311 -177,6029262|  -177,602926| 3195882952 2| 284,1643022] -4299,15008
2001] 538899,12  208365,9) 28,03 103837010) 139,3333333|  220,413758 0 13,10582459 1 1,310582459 1030] 44,0827516] 1089499159  -869,0854006 -173,8170801]  -173,8170801] 334,7316795 3] 280,6498394| -4018,50024
2002) 773933,00] 23503388 20,33 174349490| 1365 242,4146889) 0 147831863 1 147831863 1030 484809378 1095744443  -853,3297538  -170,6650508]  -170,6659508] 347,336197] 4 274,6043126) -3743,895%3
2003] 1050589,6 27665, 32,47 231690460| 156]  339,009723) 0 17,40117662 1 1,740117662| 1030] 67,8019446]  1117,943239]  -778,9335159  -155,7867032|  -155,7867032 406,8531873) 5] 303,3083443| -340,58758
2004 15292995 4787099 4,97 246407810 180,3333333|  776,2946497) 0] 30,10994685 1 3,010994685) 15525893  189,3798715)  586,9147782]  117,3829556|  117,3829556] 469,5318226) 6| 330,0661556] -3110,52143
2005) 20169845 487685 5521) 213079440 31| 1016122283 0 30,67446366 1] 3,067446366) 203,24457) 2379663666  7781550164] 1556311833  155,6311833] 6225247331 7] 412,6500488] -2697,87138
2006 2392377 3753925 62,39) 247841245) 270]  883,447057, 0) 23,6114779 1 2,36114779 176689411 203,6620371]  679,7850199) 135,957004 135,957004| 543,8280159) 8] 339,9195899] -2357,95179
2007) 27383345 3400175 66,66 132349455 300] 8553727476 0 2138645734 1 2,138645734) 170,07455  1955096526)  659,773005) 131954619 131954619 527,818476) 9| 311,0917778] -2046,86001]
2008] 29267025 194308 91,35) 210171400 300‘ 669,8661981 0 12,22160551 1 1,222160551 13397324 1484170057  521,4491924]  104,2898385  104,2898385| 417,1593539) 10] 231,8436779] -1815,01633
2009 29267025 0 60) 0| 300‘ 0 0) 0] 1 0 0| 1 1] -0,2| 0 -1 11] -0,52406191] -1815,54039
2010) 30916082 1649057 400 -51295890| 300‘ 414,890259) 0 1037225649 1] 1,037225648 89780518 95,387533%| 3195027252  6390054504]  6330054504] 255,6021802 12| 126,3096348| -1689,23076
2011] 3659698 568089,8 41) 740404(I)| 300‘ 1472,149065| 0 3573177343 1 3573177343 2044209813 334,7347638] 1137414301  227,4828603|  227,4828603| 909,9314411 13| 424,0039715| -1265,22679
2012 4229853 570155 424,36 -235126510| 300‘ 1521,825854) 0 358616706] 1 3,58616706) 304365171 3448130084 1177012845 235,402569) 235,402569] 941,6102761 14] 413,7345311] -851,492255
2013 4749709 519876) 437,0908 -219673000| 300‘ 1429,25676 0 3269921664 1] 3,269921664) 285,850535  322,8196735 1106433003  221,2866005]  221,2866005| 885,1464021) 15| 366,7372428| -484,755012
2014] 5199452 449723 450,203524) -197355(1)0| 300[ 1273,478359) 0 2828672569 1 2,828672569) 254,695672 286,81107|  986,6672888)  197,3334578]  197,3334578] 789,3338311 16| 308,382661| -176,372352
2015) 58571015 6576495 463,7096297) 24858700| 300‘ 1918 130667 0 41,36490908 1] 4,136490008) 4000 90) 980] 383626133 1410127533  508,0031330)  101,6006268  101,6006268) -3513,59749 17] -1294,40616{ -1470,77851
2016 72381215 1381020 477,6209185) 719654400| 300‘ 4148, 784601 0 863635447 1 8,68635447) 980‘ 829,75692] 1906306819  2242,477782|  448,4955564)  448,4955564| 2773,982226| 18] 963,6327747) -507,145734|
2017] 8285802 1047680,5) 491,9495462) 6669762(I)| 300‘ 3241,805873| 0] 6589712093 1 6,589712093) 980‘ 648361175 1701,848008]  1539,957866]  307,9915732]  307,9915732| 2211,966293 19| 724,5622785| 217,4165447
2018 8993714 707912 506,7080326 528222200| 300‘ 2256,184665) 0 445263052, 1] 4452632522 980‘ 451236933 1481,215801) 7749687742  154,9937548)  154,9937548) 1599,975019) 20| 494,1965908] 711,6131353
2019) 9561861 568147 521,9092735| 5171103(I)| 300‘ 1865,062162| 0 35,7353712 1 3,57353712) 980[ 373012432 1393321341  471,7408214]  94,34816428]  94,34816428| 1357,392657| 21| 395,3496563| 1106,962792
2020] 10036004 474143] 537,5665517] 5089838(I)| 300] 1603, 168465 0] 2982269748 1 2,982269748] 320633693 3544386602  1248,729805) 2497459609  249,7459609| 998,9838437] 22| 274,3618116] 1381,324603
2021) 10433785) 397781 553,6935483 491506700| 31| 1385323107 0 2501967218 1 2,501967218 277064621 3055862607 1079,736846] 2159473692 2159473692| 8637894768 23| 223,698171] 1605,022774)
2022) 10772715 338930[ 570,3043547] 486772700| 21 1215777997, 0] 21,31805564) 1 2,131805564i 243155599 267,6054606]  948,1725363)  189,6345073]  189,6345073| 758,538029| 24] 185,2342155)  1790,25699
2023{ 11062583 289868‘ 587,4134854) 477554700| Bl 1070981 0 182314868 1 1823214868 24,1962 2350515636  835,7294368)  167,1458374)  167,1458374) 6685835494 25| 153,9532513{ 1944,210241
2024) 11291221 228638‘ 605,0358899) 471223300| 231]  870,0959147) 0] 1438089755 1 1,438089755| 174019183 190,8381702]  679,257744] 1358515489  135,8515489) 543,4061956) 26| 117,9905136] 2062,200755
2025) 11477687 186466[ 623,1869666| 455548500| 231 730,8960189) 0]  11,72835855) 1 1,172835855| 146179204 160,0803982]  570,8156207] 1141631241  114,1631241) 456,6524966) 27| 93,49699855| 2155,697753
2026) 11622705) 145018 641,8325756 447699000| 31| 5854840627 0 9121357783 1 0,912135778 117,006813|  128,1303061]  457,3537566|  91,47075132|  91,47075132] 365,8830053 28 70,6388138] 2226336567
2027) 11725622 102917 661,1390529) 439238000| 21 427,9741217, 0] 6473284551 1 0,647328455) 85,5048243|  93,71543735]  334,2586844] 6685173687  66,85173687| 267,4069475| 29| 48,68141282)  2275,0179|
2028) 11821812 96190 680,9732245i 430394000| 23] 412,0003079 0 6,05016898| 1 0,605016898) 82,4000616{  90,05524746]  321,9450605)  64,38901209]  64,38901209] 257,5560484) 30| 44,21316119] 2319,231141
2029) 11910741 83929 701,4024212 390908000| 1] 392,3270469 0 55934658 1 0,559346582, 784654004 8561822179  306,7088251) 6134176503 61,34176503] 2453670601 31] 39,71781979] 2358948961
2030] 11994316 83575 722,4444939) 5195000) 21 379,7680727, 0] 5256709351 1 0,525670935) 759536145 82,73599482]  297,0320779)  59,40641557]  59,40641557| 237,6256623] 32| 36,27035523) 2395,219316|
2031 12074125 79809 744,1178287 373,5348778 0] 5019835078 jl 0,501983508 47069756 8122879415 2923060837  5846121674] 5846121674 233844867 33| 33,65701817] 2428,876334|
2032 12150283 76158 766,4413635| 367,1402887 0] 4790194087, 1 0,479019409) 734280577 79,69727124]  287,4430175) 57,4886035 57,4886035| 229954414 34| 31,20892958) 2460,085264]
2033 12221917 71634 789,4346045| 355,6910537] 0] 4505643047 1 0,450564305) 71,1382107)  77,09441809]  278,5966356]  55,71932712]  55,71932712| 222,8773085| 35| 28,52280972) 2488608074
2034 12290550 68633 813,1176426) 351,0136026 0] 4316835826 1 0431688583 702007205 759519493 2750623077 55,01246154]  55,01246154] 220,0498461 36| 26,55442162] 2515,162495
2035] 12356858 66308 837,5111719 349,2964064 0] 4170647726 1 0417064773 69,8592813|  75,44699378]  273,8494126  54,76988253]  54,76988253| 219,0795301) 37| 24,92911754] 2540,091613
2036 12421834 64976 862,636507 352,5481058 0] 4,086867446) bl 0,408686745) 20 705096212 7600517536 2765429305 553085861  553085861] 21,23434439 38) 2,278417398]  2542,37003
2037] 12422357, 523 883,5156022 2922835187 0l 003289571 1 0,003289571] 058456704 1,620752319]  1,302082869)  0,260416574]  0,260416574] 1,041666295 39 0,105393147{
SUM 2542,37003
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12.2 Sensitivity Analysis: Extended Case

Sensitivity Analysis
As many assumptions were made, it is necessary to perform a sensitivity analysis which studies how the variation (uncertainty) in the
input affects the output. In this case the ceteris paribus approach was used to observe how the effect of a single independent variable on a

dependent variable can be isolated, for example if only the oil price changes how is the net present value
affected.

Due to uncertainty, there are four variables here that might be varied between +/- 40% by assumed probability.

1 Oil price [ Gas price [1 CAPEX cost [J OPEX cost

These variables could effect on NPV, Sensitive analysis shows that how much the total NPV is sensitive by changing each these four
variables.

The Sensitivity cases are described below.
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12.2.1 Sensitivity Case: +5% of Oil and Gas Price

EXPENDITURE
INCOME OPEX CAPEX
DATE FOPT |vol oil peryear]  oil prize Vol gasperyear|  Gasprize |oilincome  |Gasincome |Field / offshore [C02- duty |Gas ol transportation |Subsea  |Productionunit |Drilling  [abandon |Cap Allowance| royalty | Fiscal allowance| Taxable income Tax Net tax cash flow i NPV cum NPV
(SM3)  |sm3 (UsD/BBL) Sm3 (cents per gallon)| (MNOK) (MNOK)  |(MNOK) (MNOK) ~ {(MNOK) (MNOK) |(MNOK) (MNOK)  |(MNOK) |(MNOK) |(MNOK) |(MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK)  |(MNOK)
1999] 18252508 182525,08 2,39 45087848 110,8333333)  147,3405078 0] 1148048214 1] 1148048214 3500 1650 1030] 294681016 1073,096632 -925,7561241 1851512248 1851512248 -4860,6049 1] -4583,31438) -4583,31433
2000| 330533,16) 14800808 34,29 62183542 1384] 1915321749 0] 9300428157 1] 0,930942816) 1030] 38,306435  1079,546806  -883,0146311] 1776029262  -177,602926| 3195882952 2| 284,1643022] -4299,15008
2001) 538899,12]  208365,% 803 1038370100 1393333333 220413758 0 131058459 1] 1,310582459 1030 440827516 1089,499159  -869,0854006]  -173,8170801]  -173,8170801] 3347316795 3] 280,6498304] -4018,50024|
2002) 773933,00 23503388 0,3 174349490| 1365 242,4146889) 0 147831863 1] 147831863 1030 484829378 1095744443 -853,3297538]  -170,6659508]  -170,6659508] 347336197 4] 274,6043126) -3743,895%3
2003) 1050589,6]  276656,6 3247 231690460| 156 339,009723 0| 1740117662 1] 1,740117662 1030 67,8019446  1117,943239] 778 9335159  -155,7867032]  -155,7867032] 406,8531873 5| 303,3083443] -3440,58758)
2004) 15292995 4787099 497 24p407810]  180,3333333) 776,2946497] 0 30,10994685 1] 3,010994685) 155,25893)  189,3798715] 5869147782  117,3829556)  117,3829556] 469,5318226) 6| 330,0661556| -3110,52143
2005) 20169845 487685 5521 213079840 31| 1016122083 0 3067446366 1] 3,067446366) 203,24457]  237,9663666]  7781550164] 1556311833  155,6311833] 6225247331 7] 412,6500488] -2697,87138)
0060 B9B37T| 3753925 62,36 247841245 200 883447057 0 236114719 1] 236114779 176,680411)  2036620371] 6797850199 135,957004]  135,957004] 5438280159 8 339,9195899) -2357,95179
2007) 27383%,5] 3400175 66,660 132349455 300] 8553727476 0 2138645734 1] 2,138645734) 170,07455  1955096526]  659,773005) 131954619  131,954619) 527,818476) 9| 311,0917778] -2046,86001]
2008] 2926702,5) 194308 91,35 210171400 300‘ 669,8661981] 0 12,22160551 1] 1,222160551 13397324 1484170057 521,4491924)  104,2898385)  104,2898385) 417,1593539 10| 231,8436779] -1815,01633
2009 29267025 0 60) 0| 300‘ 0 0 0 1] 0 [y 1] - -02 0 ] 11] -0,52406191] -1815,54039
2010) 30916082 1649057 400 -51295890| 300‘ 414,890259] 0 1037225649 1] 1,037225648 89780518 95,387533%| 3195027252  6390054504]  6330054504] 255,6021802 12| 126,3096348] -1689,23076
011 36596%| 5680898 40 74040400| 300‘ 1500,734484 0 35731738 1] 3573177343 300146807 3404518475  1160,282636]  232,0565273]  232,0565273| 9282261091 13| 432,5288026| -1256,701%
2012) 4229853 570155 41 -235126510| 300‘ 1581,499673 0 358616706 1] 3,58616706) 316,299935  356,7477723) 1204751901 2449503802  244,9503802] 979,8015208 14] 430,5153981] -826,186557
2013 474979 519876 463,05 -219673000| 300‘ 1514,137227 0] 3269921664 1] 3,269921664) 302,87445]  339,7965836] 1174340643  234,8681286]  234,8681286] 9394725144 15| 389,2458455] -436,940712
2014 5199452 4973 486,205 -197355000| 300‘ 1375,307675 0] 2828672569 1] 2,828672569) 25061535 3071769332 1068130742 2136261483  213,6261483] 8545045933 16| 333,8440466| -103,096665
2015) 58571015 6576495 510512625 24858700| 300‘ 2111,730832] 0 41,36490908 1] 4,136490008] 4000 90) 980] 422,346166]  1448847566] 6628832655 1325766531  132,5766531] -3389,69339 7] -148,76] -1351,85666
2016 72381215 1381020 536,0332563] 719654400| 300‘ 4656,218303) 0 86863547 1] 868635447 980‘ 931243661 2007,793%6]  2648,424744)  529,6349487|  529,6849487] 3098739795 18] 1076,447859| -275,408803]
2017] 8285802 10476805 562,8401691 666976200| 300‘ 3708,954668 0 658971209 1] 6,589712093] 980‘ T4L790934  1795,277767) 1913676902 382,7353803)  382,7353803] 2510,941521) 19] 822,4960371{ 547,0872345
2018 8993744 70791 590,9821775 528222200| 300‘ 2631426464 0 44563252, 1] 4452632522, 980‘ 526285293 155626425 1075162213 2150324426  2150324426| 1840,129771 20| 568,3750358|  1115,46227
2019 9561861 568147 620,5312864 517110300| 300‘ 2017,491586) 0 373371 1] 357353712 980 43498317 1463807225) 7536843604  150,7368721)  150,7368721) 1582, 47483] 21| 461,0440039| 1576506274
2020 10036004 474183) 651,5578507 508983800| 300] 1943121267 0 2982269748 1] 2982269748 388624253 422,4292207)  1520,692047) 3041384093 304,1384093] 1216,553637] 22| 334,1153733] 1910,621647)
2021) 10433785) 397781 684,1357432 491506700| 31| 1711685202 0 250197218 1] 2,50197218 342,33704  370,8586799) 1340826522  268,1653045)  268,1653045) 1072661218 23| 277,790317] 2188411964
2022) 10772715, 338930 718,3425304) 486772700| 1] 1531366603 0 2131805564 1] 2,131805564 306273321 3307231819 1200643422 2401286843 240,1286843] 960,5147373 24| 234,5567223| 2422,968687
2023) 11062583 289868, 754,2596569 477554700| Bl 1375177421 0 182314868 1] 1823214868 25035484 296,0908478]  1079,086573] 2158173147 215,8173147] 863,2692581] 25| 198,7830979] 2621,751789
2004 11291221 28633, 791,97263% 471223300| Bl 1138927739 0] 1438089755, bl 1438089755 27785548 244604535 8943232043 1788646409  178,8646409] 7154585634 26| 155,3484742| 2777,100259
2025) 11477687 186466) 8315712718 455548600| 31| 975,2966036 0 11,72835855) 1 1,172835855 195059321 208,9605151]  766,3360885 1532672177 153,2672177] 6130688708 27] 125,5223605( 2902,622619
2006[ 11622705 145018 873,1498354] 447699000| Bl 7964312046 0 912357783 1] 0,912135778 150,286241 1703197345 6261114702 125222094 125,222294] 500,8891761] 28] %,70363678| 2999326256
2077) 1172522 102917, 916,8073271 439238000| B 5934754707 0 6473284551, 1] 0,647328455) 118695094 1268157071 466,6597635  93,3319527] 933319527 3733278108 29| 67,96429729] 3067,290553
2028 11821812 %190 962,6476935 430394000| Bl 5824181214 0 605016898 1 0,605016898 116483624 1241388102 4582793112 9165586225  91,65586225| 366,623449) 30| 62,93613274| 3130,226686)
2029 11910741 88929 1010,780078 390908000| 231] 5653763819 0 559346582 1 0,559346582) 113075276 120,2080888| 4451482931 89,0965862|  89,02965862] 356,1186345) 31| 57,64529168] 3187,871978
2030 11994316) 83575 1061,319082 5195000 1] 557,945943 0 5256709351, 1 0,525670935) 111580919 118,363299| 4395412952 8790825904 87,90825904] 351,633036) 32| 53,67204454] 3241544022
2031 12074125) 79809 1114,385036) 559,40290% 0 5019835078 1 0,501983508 111880582 1184004005  441,000509]  88,2001018]  88,2001018] 352800407 33| 50,77814993] 3292322172
2032) 12150283 76158 1170,104288) 560,5026641 0] 4790194087 1 0,479019409 112,100533 1183697463  442,1329178| 8342658355 8342658355 353706334 34] 48,00428001{ 3340,326452
2033 12221917, 1634 1228609502 553,5675862 0] 4505643047 bl 0,450564305) 110713517 116,6697246|  436,8978616| 8737957232  87,37957232] 3495182893 35| 44,72973819] 3385,056191
2034 12290550 68633 1290,039977 556,8955294) 0 4316885826 1 0431688583, 111379106 1171276803 439,7678491 8795356982  87,95356982] 351,8142793) 36| 42,45503857] 3427511229
2035 12356858 66308 1354,541976) 564,9317413 0 4170647726 1 0417064773 112,986348 1185740608  446,3576805 8927153611  89,27153611 357,0861444) 37] 40,63292659| 3468, 144156
2036 12421834 64976 1422,269075 5812625183 0] 4086867446 1 0,408686745) 20 116,252504] 1217480579 4595144605  91,90289209]  91,90289209) 167,6115684| 38] 17,98450221| 3486128658
2037| 12422357, 533 1493,382529 4,912587908 0 0032897 1] 0,003289571] 09851758 2,018702863]  2,893885045|  0,578777009]  (0,578777009] 2,315108036 39] 0,234236743
SUM | 3486,128658
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GROUP |V — GULLFAKS VILLAGE 2010

12.2.2 Sensitivity Case: -2% of Oil and Gas Price
EXPENDITURE
INCOME OPEX CAPEX
DATE FOPT  |vol oil per yea oil prize  |Volgasperyear|  Gasprize  |oilincome  |Gasincome F\'e\d/offshore|t02-duty |Gasoi| D Subsea  |Production unit |Drilling  [abandon  |Cap Allowance] royalty |Fiscal allowance| Taxable income Tax Net tax cash flow NPV | cumNPV
(M3 [sm3 (UsD/B81) 5m3 (cents pergallon)|(MNOK)  |(MNOK)  |(MNOK) (VNOK)  {(MNOK) (MNOK) |(MNOK) (MNOK)  |(MNOK)  [(MNOK)  [(MNOK)  |(MNoK) (MNOK) (MNOK) (VINOK) (VINOK) (MNOK)  |(MNOK)
1999] 182525,08]  182525,08 21,39 45087848 110,8333333|  147,3405078 0 1148048204 1 1,148048214] 3500 1650 1030[ 294681016 1073,096632  -925,7561241]  -185,1512248)  -185,1512248) -4860,6049) 1] -4583,31438] -4583,31438)
2000{ 330533,16] 148008,08| 3429 62183542| 1384] 1915321749 0 9309428157 1 0,930042816) 1030 38,306435 1079546806 -888,0146311)  -177,6029262)  -177,6029262) 3195882952, 2] 284,1643022] -4299,15008
2001{ 53889912, 208365,96| 28,03 103837010| 139,3333333] 220413758 0 13,10582459) )| 1,310582459 1030) 44,0827516] 1089499159  -869,0854006]  -173,8170801]  -173,8170801) 334,7316795| 3] 280,6498394| -4018 50024
2002 773933,00] 23503388 1,33 174349490| 136,5)  242,4146889) 0 147831863 1 147831863 1030[ 48,4829378)  1095,744443|  -853,3297538]  -170,6659508)  -170,6659508) 347,336197] 4) 274,6043126| -3743,89593
2003| 1050589,6]  276656,9) 347 Z31690460| 156 339009723 0 174011766) 1 1740117662 1030[ 67,8019446] 111794339  -778.9335159]  -155,7867032)  -155,7867032) 406,8531873] 5] 303,3083443] -3440,58758
2004 15292995 4787089 4297, 246407810| 180,3333333|  776,2946497 0 3010994685 ] 3,010994685 15525893 189,3798715) 5869147782 1173829556  117,3829556| 469,5318226 6] 330,0661556 -3110,52143
2005{ 20169845} 487685 5521 213079440 1) 1016,122283 0 3067446366 1 3067446366 203204457 237,9663666]  778,1559164) 1556311833  155,6311833{ 6225247331 7) 412,6500488] -2697,87138
2006 2392377, 3753925 6236 247841245 200 883 447057 0 236114719 J 236114779 176,689411f  2036620371] 6797850199 135957004 135957004 5438280159 8] 339,9195899) -2357,95179
2007| 27323945} 340017, 66,66 132349455 300| 855,3727476 0 21,38645734 1] 2,138645734 17107455 1955996526 659,773095|  131954619] 131954619 527818476 9] 311,0917778] -2046,86001
2008] 2926702,5) 194308 9135 210171400 300| 669,8661981 0 12,216055] 1 1,222160551 1339734 1484170057 5214491924 1042898385  104,2898385] 417,1593539 10| 231,8436779] -1815,01633
2009 29267025 [y 60 0 3UO| () () 0 1 () () 1] -1 -0, () -1 11] -0,52406191] -1815,54039)
2010{ 3091608, 164905, 400 -51295890 300| 414890259, 0 1037225648 1 1,037225648 89780518 953875339  319,5027252 6390054504 6390054504 255,6021802) 12| 126,3096348] -1689,23076|
011 365998 5680898 39 74040400 300| 1400,685518 0 35BIBY 1 3573171383 280,137104| 304420544 1080,243464]  216,0486928)  216,0486928) 864,1947711] 13) 402,6918936| -1286,53836
012] 4229859 570159 384,16 -235126510) 300| 1377661938 0 358616706 1 3,58616706) 275,532388| 3159802252 1061681713  212,3363425|  212,3363425| 849,34537] 14] 373,1942156) -913,344649
01| 4749709 519876) 3764768 -219673000) 300| 1231,049644) 0 32,69921664 ] 3,269921664 246,209929| 2831790672 9478705772 189,5741154)  189,5741154) 758,2964617) 15] 314,1802904] -599,164358|
014 5199452 4973 36847264 197355000 300 1043,631005 0 2828672569 1 2,828672569 872601 A0BA59%3 802784058 1605578812 160,5578812] 642,2315247 16 250,9116659) -348,252692
2015{ 58571015} 657649,5) 361,5683187] 24858700 300] 1495,624063 0 41,36490908 1] 4,136490908]  4000] 900 980] 299124813 1325,626213) 1699978505 33,9995701)  33,9995701] -3784,00172 17] -1394,02283| -1742,27552
2016| 7238121,5) 1381020 354,3369523] 719654400 3001 3077,89637) 0 86,863547 1 8,68635447) 980| 615579274 1692129173  1385,767197)  277,15343%4|  277,1534394f 2088613757 18] 725,547789| -1016,72773
17| 8285802 10476805 347,2502133] 666976200 3000 2288,2789%3 0| 6589712093 )| 6,589712093 980| 457655786 1511142619  777,1363108] 1554272622  155,4272622] 1601,709049) 19] 524,6634913) -492,064243
2018 8993714 107912 340305209 52822200 300| 1515,254041 0 4452632522 1 4,450632522, 980| 303050808  1333,029766]  182,242752  36,44485504  36,44485504 1125,7794) 20 347,7281486] -144,336095)
019 9561861 568147 333,4991049] 517110300 300| 1191771431, 0 3573370 1 357353712 980] 238,354286] 1258663194  -66,80176383|  -13,37835277)  -13,37835277] 926,4865889 21 269,8453926| 125,5092981]
2020[ 10036004 474143 326,8291228) 508983800 300| 974,692606| 0 2982269743 1 2982269748 194938521 2287434883 7459491172 1491898234 149,1898234f 5967592938 22] 163,8945034) 289,4038015)
2021{ 10433785} 397781 320,2925403] 491506700 231| 801,361436) 0 2501967218 1 2501967218 160272087 188,7939266]  612,5675094)  122,5135019]  122,5135019] 490,0540075) 23] 126,9107672) 4163145687
2022 10772715 338930) 313,8866895] 486772700 31| 6691453913 0 21,31805564) 1 2,131805564) 133829078)  158,2789395] 5108664518  102,1732904]  102,1732904] 4086931614 24| 99,8024545] 516,1170232)
2023| 11062583} 289368) 307,6089557] 477554700 Bl 5608372217 0 1823214868 1 1823214868 100,167444 1332228079  427,6144138) 855288276  85,52088276( 342,091531] 25) 78,77265826] 594,8896815)
204 1129121} 228638) 30L4567766] 471223300 Bl 433521902 0 1438089755 1 1438089755 86,7043804f 1035033677 3299985343 6599970685  65,99970685( 263 9988274 26| 57,32241827] 652,2120997)
2005] 11477687 186466) 295,4276411) 455548600 Bl 34648813 0 11,72835855) )| 1,172835855 69207626  83,19882041) 2632893096 5265786192  52,65786192] 210,6314477 27) 43,125589%) 695,33768%4|
2026 11622705 145018 289,5190882) 447699000 231 264,0807189 0 9121357783 1 0,912135778 528161438 63,84963734]  200,2310815  40,04621631  40,04621631{ 160184865 28] 30,92592087) 726,2636102)
2027 11725622 102917 283,7287065] 43923800 B1| 183665665 0 6473284551 1 0647328455 3733133 4485374605 1388119192 2776238383 27,76238383) 111,0495353) 29] 20,21655878| 746480169
2008| 11821812 %6190 278,0541323] 430394000 31| 168,2274486) 0 605016898 ] 0,605016398, 336454807 413006756 126926773 253853546]  25,3853546( 1015414184 30] 17,43102959) 763,9111986)
2009 11910741 88929) 272,4930497) 390908000 Bl 152,418056) 0 55934658 1 0,559346582, 304836112 376364236  1147816324)  22,9563647| 2295632647 91,8253059) 31] 14,86385724) 7787750558
2030 11994316 8575 2670431887 5195000 B1| 1403768427, 0 5256709351 j 0,525670935 280753685 3485774883 1055190939 21,10381878  21,10381878] 8441527512 32| 12,83485421] 79165991
2031 12074125 79809) 261702349 131,3700511 0 5019835078 jl 0,501983508 26,2740502{ 327958688  98,57438226) 1971487645 1971487645 7885950581 3] 11,35015643) 803,0100665)
2032 12150283, 76158) 156,4682784, 1,853831 0 4790194087 1 0,479019409 2457065660 30,83987011  92,0134129%) 1840268259 1840268259 73,61073037) 341 9,990293558)  813,00036)
2033 12221917 71634 251,3389129) 113,443425 0 4505643047 )| 0,450564305] 20,6488685 2860507586 8463926667  16,92785333]  16,92785333] 67,71141333] 35 8665394298 821,6657543]
2034 12290550 68633 246,3121346) 106,3301363 0 4316885826 1 0,431688583, 202660073 27,01460166]  79,3155346) 1586310692  15,86310692] 6345242768 36 7,657094732) 829,3228491]
2035 12356858 66308] 241,3858919) 1006735521 0 4170647726 1 0417064773 201347104 2572042092 7495112919 1499022584 14,99022584f 59,96090335) 37] 6,822967013) 836,1458161]
2036] 12421834 64976 236,5581741] 9,67819008 0 4,086867446) 1 0,408686745| 200 19335638 2483119221 7184699787  14,36939957]  14,36939957] -142,520402] 38] -15,2924674| 8208533487
2037| 12422357 53] 131,8270106) 0,762611419 0 00328971 1] 0,003289571] 015252208 1188707565  -0,42609146]  -0,085219229]  -0,085219229] -0,34087692 39] -0,03448906
SUM | 8208533487
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12.2.3

Sensitivity Case: +30 % of Oil and Gas Production

EXPENDITURE
INCOME OPEX CAPEX
DATE FOPT |voloil peryearl  oil prize  |Volgasperyear| Gasprize |oilincome  |Gasincome |Field / offshore |C02-duty |Gas oil transportation  |Subsea |Producti0nunit Drilling  |abandon  [Cap Allowance| royalty |Fiscal allowance| Taxable income Tax Nettax cash flow i NPV cum NPV
(SM3)  [Sm3 (UsDy/BBL) Sm3 (cents per gallon)|(MNOK) (MNOK)  |(MNOK) (MNOK) ~ {(MNOK) (MNOK) |1MNOK' (MNOK) ~ |(MNOK)  |(MNOK) ~|(MNOK) ~ |(MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK)  |(MNOK)
1999 237282,60] 237282604 21,39 45087848 110,8333333]  191,5426601] 0 1492462678 1] 1492462678) 3500 1650 1030) 38,308532 1085725621 8941829614  -178,8365923)  -178,:8365923| -4835,34637] 1] -4559,49681] -4559,49681
2000| 429693,11) 192410504 3429 62183542| 1384 2489918274 0 12,1002566) 1] 1,21022566) 1030 49,7983655  1094,110848|  -845,1190204)  -169,0238041)  -169,0238041] 353,9047837] 2| 314,6770624] -4244,81975
2001 70056886  270875,748) 203 103837010| 139,3333333| 2865378854 0 1703757197, 1] 1,703757197 1030) 57,3075771  1107,048906  -820,5110208)  -164,1022042]  -164,1022042] 3735911833 3)313,2309011] -3931,58885)
2002] 1006112,90]  305544,044] 7,3 174349490| 1365 315,139095 0 1921814219 1] 1921814219 1030 630278191 1115167776 -800,0286799)  -160,005736]  -160,005736| 389977061 4] 308,3162145] -3623,27263)
2003| 136576648 35965358 3247 231690460| 156 440,71263%9 0 22621521 1] 2,26215291 1030 88142528 1144026211  -703,3135707)  -140,6627141|  -140,6627141f 467,3491435) 5| 348,4079745) -3274,86466)
2004] 193308935 622322,87) 297 246407810| 180,3333333|  1009,183045 0 391429309 1] 391429309 201836609 2458938329 763,2802117|  152,6578423]  152,6578423) 610,6313693 6] 429,2547148] 284560994
2005/ 26207985 633990, 552 213079440 1] 1320,958968 0 3987680275, 1] 3987680275 264191794 309,0562766]  1011,902691  202,3805383|  202,3805383) 809,5221531 7] 536,6041511] -230,00579
2006| 3110090,10  488010,25 6236 247841245 0] 1143481174 0 3069492127, 1] 3069492127 29,6923 2644606482 8340205259  176,8041052  176,8041052) 707,2164207 8] 442,0454789] -1866,96031]
2007| 355211285 44202,75) 66,66 132349455 300] 1111,984572 0 27,8035 1] 2780239454 20,3694 2539795484 858,0050235  171,6000047  171,6010047) 686,4040188] 9] 404,5607651] -1462,39955)
2008| 380471325 2526004 91,35 210171400 300] 870,8260575 0 1588808717, 1] 1588308717 174165212 192,6421074  678,1839501 135,63679) 135,63679] 542,5471601 10{ 301,5301655] -1160,86938
2009] 3804713,25 0 60) 0| 300 0 0 0 1] 0 0 1 -1 02 0 ] 1] -0,52406191] -1161,39345
2010] 4019090,66] 21437741 40 -51295890| 300] 539,3573369 0 134839334 1] 1348393342 107871467| 1237037942 415,6535428)  83,13070856]  83,13070856| 3325228342 1] 164,3211249) -997,072321)
2011] 4757607400 73851674 ) 74040400| 300] 1913,793785 0 4645130545 1] 4645130545) 380,758757] 4348551929 1478,938592 2957877184 295,7877184) 1183150873 13 551,3169966] -445,75532
2012| 549880890 7412015 44,3 -235126510| 300] 197837361 0 46,62017178 1] 4662017178 305,604720]  447,9569109] 1530416699 306,0833397|  306,0833397) 1224333359 141 537,9603442] 92,20501968
13| 6174647701 6758388 437,098 -219673000| 300] 1858028479 0 4250898163 1] 4,250898163) 37160569  419,3655756]  1438,662903|  287,7325807|  287,7325807) 1150,93033 15{ 476,8578534 569,0628731)
2014 675928760 5846399 450,203524 -197355000| 300] 1655,521867] 0 367727834 1] 367727434 BI04 372554391) 1282967475  256,5934951)  256,5934951) 1026,373%8] 16| 400,9912242] 970,0540973
2015| 76142319 85494435 463,7096297 24858700| 300] 2493569868 0 5377438181, 1] 5377438181 4000) 90 980 498713974 1538865794) 9547040741  190,9408148]  190,9408148] -3156,23674) 17] -1162,75478] 19270063
2016 9409557,95 1795326) 477,6209186) 719654400| 300] 5393419982 0 1129226081, 1] 11,29226081 980] 1078684 2183898865  3209521117) 6419042033 6419042233 3547616893 18] 1232,37989 1039,67921
2017)10771542,60]  1361984,65) 491,9495462 666976200| 300] 4214,347636 0 856665721, 1] 8566625721 980[ 842869527 191810041  2296,24525 4592490451 459,2490451| 2816,9%18 19| 922,7487678] 1962427978
2018116918282 920285,6) 506,7080326| 528222200| 300| 2933,040064 0 57,8849 1] 5,788422279 980[ 586,608013] 1631280658  1301,759407]  260,3518813]  260,3518813| 2021,407525) 20| 624,3676902| 2586,795668
2019143041930 738591, 5219092735 517110300| 300| 2424,580811 0 464559825 1] 4645598256 980 484916162 1517007743 9075630678 1815126136  181,5126136] 1706,050454 21| 496,898563| 3083694231
2020)1304680520, 6163859 537,5665517) 508983800| 300] 2084119004 0 3876950673 1] 3876950673 41683801 4604702583 1623648746 3247297492  324,7297492) 1298918997 2] 356,7362689]  3440,4305
2021{1356392050) 5171153 553,6935483 491506700| 231] 1800920039 0 32,50557383 1] 3,250557383 360,184008]  39,962139) 14039579 2807915799 280,7915799] 11231663 23| 290,8697759 3731,300276
2022) 14004529,50 440609 570,3043547] 486772700| 1| 1580,5113% 0 27,71347234) 1] LTTI4T34) 316,100279 3475870088 1232,924297|  246,5848594]  246,58485%4) 986,3394377] 24 240,8630879) 3972,163364
2023143813579 3768284 587,4134854] 477554700| B 139275301 0 237017939 1] 2370179319 2845506 3055270327 1086748268 2173496536 217,3496536) 869,3986143 25 200,194491] 4172,357855
2004)14678587,30 2972294 605,03588%9) 471223300| 1| 1131124689 0 1869516681, 1] 1,869516681) 20624938 247,78%213] 8833350678 176,6670136|  176,6670136] 706,6680542) 26| 153,4397792] 4325,797634
2025\1492099310] 2424058 623,1869666) 455548600| 1| 9501648246 0 1524686612 1] 1,524686612) 190,032965| 2078045176 742,3603069)  1484720614) 148 4720614] 5938882456 27| 121,5952367| 4447,392871
2026/15109516,50 1885234 641,8325756) 447699000| B1| 7611292815 0 118577651 1] 1,185776512 152,05856  166,2693979] 5948598836 1189719767  1189719767] 4758879069 28| 91,87679329) 4539,269664
2027)154330860  133792,1] 661,1390529) 439238000| 1| 556,366358) 0 8415269916 1] 0841526992 173272 120,5300885  434,8362897)  86,96725793)  86,96725793] 3478690317 29| 63,32952865) 4602,599193
2028)15368355,60) 125047, 6809732245 430394000| 21| 5356004003 0 786521974 1] 0,78652197 107,12008 1167718217 418,8285786 8376571572 83,76571572] 3350628629 30| 57,5183089| 4660,117502
2029)15483%3,30  115607,7) 01,4041 390903000| 1| 51005161 0 7,271505566) 1] 0,727150557] 102,005032  111,0036883  399,0214727)  79,80429454)  79,80429454] 319, 2171781 31{ 51,67201477) 4711,789516
2030[15592610,80 1086475 720,4444939) 5195000 31| 493,6934945 0 683372157 1 (,683372216) 937396989  107,0567933) 3864417012 7728834024  77,28834004) 309,153361) 3| 47,18300456| 4758977611
2031 15696362,50‘ 103751, T44,1178287) 485,5953412) 0 652578501 1] (,65257856) 97119068 105,2974324] 3802979088  76,05958176]  76,05958176) 304238327 33| 43,78866654) 4802766278
2032 15795367,90[ 990054 766, 4413639 471,813754) 0 6275313 1] 0,622125231 954564751 1033064526 3739750227 7479518455 74,79518455) 299,1807382] 34{ 40,60418075) 4843370458
2033 15888492,10[ RB1242 789,4346045 462,39836% 0 58733591 1] (,5857335%| Q41974 9992274350 3624756263 7249512505 72,49512505 289980501 35{ 37,11036672] 4880480825
2034 15977715,00 892229 813,1176426) 456,3176834) 0 5611951574 1] 0,561195157] 91,2635367] 9843668341, 357,881 71,5762 L5762 286,304 36| 34,54971001] 4915,030535
2035)16063915,40 862004 8375111719 454,0853283) 0 5421842083 1] 0,542184204) 908170657 97,78109192  356,3042364  71,26084728|  71,26084728) 285,0433891) 37| 32,43516246| 4947,465697]
2036)16148384,20 844638 862,636507] 4583125376 0 531292768 1] 0,531292768) 200 916625075 9850672797 359,805809%|  71,96116193]  71,96116193) 87846477 38| 942561588 4956,891313
2037)16149064,10 67199 883,5156022] 3799685744 0 0042764423 1] 0,004276442 075993715 1,806978014] 1992707729 0398541546  0,398541546) 1594166183 W) 0,16129368|
SUM [ 4956,891313)
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GROUP |V — GULLFAKS VILLAGE 2010

12.2.4

Sensitivity Case: -30 % of Oil and Gas Production

m IOR Challenge Part B | Appendix B: Economic Calculation

EXPENDITURE
INCOME OPEX CAPEX
DATE FOPT  |vol oil per yea oilprize |Volgasperyear|  Gasprize |oilincome  |Gasincome |Field /offshore [C02- duty |Gasoi| D Subsea  |Production unit |Drilling ~ [abandon  |Cap Allowance] royalty |Fiscal allowance| Taxable income Tax Net tax cash flow NPV | cum NPV
(M3 Jsm3 (UsD/BBL) Sm3 (cents per gallon)|(MNOK)  |(MNOK)  |(MNOK) (MNOK)  |(MNOK) (MNOK) |(MNOK) (MNOK)  |(MNOK) |(MNOK) |(MNOK) |(MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) |(MNOK)
1999) 177049,33)  177049,3276) 13 45087848) 1108333333 142,9202926 0 11,13606768) 1 1113606768 3500 1650) 1030 285840585 1071,833733|  -9289134404) 1857826881  -185,7826881 -4863,13075 1] -4585,69614] -4585,69614)
2000] 320617,17)  143567,8376) 3429 6218354)) 1384( 185,7862097) 0 903014531 1 0,903014531] 1030) 37,1572419] 1078090402  -892,3041921]  -178,4608384  -178,4608384) 316,1566463| 2] 281,1130262] -4304,58311]
2001| 522732,15|  202114,9812) 2,03 103837010  139,3333333|  213,8013453) 0 12,71264986| 1 1,271264986| 1030( 42,7602691]  1087,744184|  -873,9428386  -174,7885677]  -174,7885677| 3308457291 3] 277,3917332| -4027,19138)
2002| 750715,01]  227982,8636| 7,3 174349490 1365 2351422483 0 14,33969071] )| 1,433969071] 1030( 47,0284497) 1093802109  -858,6598612  -171,7319722|  -171,7319722f 343,0721111 41 271,2331224] -3755,95825)
2003 asm#m| 268356,902 3247 231690460| 156] 328,8394313) 0 1687914133 1 1687914133 1030 65,7678863 1115334942  -786,4955104]  -157,2991021]  -157,2961021) 400,8035917] 51 298,7983813] -3457,15987]
2004 #m#####| 464348,603 297 246407810| 180,3333333|  753,0058102 0] 29,206648%4] 1 2,920664844) 150601162 1837284753 5692773349 113.855467)  113,855467] 455,4218679 6] 320,1472997) -3137,01257)
2005 W##M 47305449 5520 21307940 31| 985,6386146 0l 29754097 1 297542975, 197,027723)  BOSST3TO6] 7547812389 150,9562478]  150,9562478| 6038249911 7] 400,2546386] -2736,757%3
2006 Mm##ﬂ 364130,725) 6236 47841045 200] 856, 9436453 0 22,9031335) 1 2,29031335) 171388729) 197582076 6593614693  131,8722939  131,8722939] 5274891754 8 329,707001] -2407,05093
2007|mm 329816,975) 66,66 132349455 300 829,7115652 0] 2074486362 1 2,074486362, 16594313 189761663 6399499022  127,989984|  127,9899804] 511,9599217 9] 301,744879] -2105,30605,
zws|mm#a 18847876 91,35 210171400 3000 649,7702122 0 11,85495735) 1 1,185495735 129954042 1439944955  505,7757166]  101,1551433]  101,1551433] 404,6205733] 10| 224,8750291] -1880,43103]
zoos|mm#u 0 60| 0| 300, 0 0 0 1 0 0 1 -1 -02 0 -1 11] -0,52406191 -1880,95509
2010| A | 159958,529) 40| -51295890| 300] 402,4435514) 0| 10,06108879 ) 1,006108879) 804887103 92,55590795] 3098876435 6197752869  61,97752869) 2479101148 12 122,5084858|  -1758 4466
2011 B | 551047,106) 41 74040400| 300] 1427,984593) 0| 3465982022 1 3,46598202)) 285,596919|  3247227209]  1103,261872] 2206523745  220,6523745| 8826094979 13| 411,272669) -1347,17393
2012|tiia) 5530503 4436 -235126510| 3000 1476171078 0 3478580048 1 3478582049 2530216)  BAAIR6IBY] 114167246 2833492 228,33492| 913337978 14 401,3119498] -945,861983
2003) it 50972 437,098 »219673000| 3000 1386,3750% 0 317184014 1 3171824014 5019 313,1650833) 1073210012 2146420005 214,6420025) 85856801 15) 355,7251818] -590,136801
2004 st 43613131 450,203524 -197355000| 3000 1235,274008 0 274383139 1 27438139 A7054802) 218 2367379)  957,0372702]  191407454]  191,407454) 765,6298161] 16 299,1218046] -291,0149%
2015 siitina| 637920019 463,7096297 24858700| 300 1860,586747 0 401239181, 1 401239181 4000 90 980[ 372,117349)  1397,253707) 4633330399 9266660798  92,66660798) -3549,33357) 17) -1307,57129] -1598,58629
06| st 13395894 4776209186 719654400 300| 4024,321063 0 84,25763836) 1 8425763836 980| 804864213 1878547615) 214577349 4291546897 429,1546897) 2696618759 18] 936,7580632] -661,828228
2017 iiie| 10162500851 491,9495462| 666976200 300| 3144,551697] 0 639200073 1 6,39202073 980| 628,910339]  1680,222567, 1464,32913 292,865826| 292,865826| 2151,463304 19] 704,7436295 42,91540133]
2018) m######| 686674,64) 506,7080326) 528222000 300| 2188,499125) 0 43,19053546| 1 4,319053546) 980| 437699825  1466,209414) TR,289711) 1444579422 144,4579422) 1557831769 0] 481,1794807|  524,094882|
2019 mmml 551102,59 521,9092735] 517110300 300| 1809,110297 0] 34,66331006) 1 3466331006, 980] 36182059 1380950701 4281585067 8563171935  85,63171935| 132,526877 21 385,1947657] 909,2896477)
2000 #WW| 459918711 537,5665517] 508983800 300 1595,073411 0 28,92801656) 1 2,892801656 311014682 3438355004  1210,237911)  242,0475821]  242,2475821] 968 9903284 22] 266,1243659] 1175,414014)
021 awm| 3584757 553,6935483] 49150670 31| 1343763413 0 242690820 1 242690820, 68750683 296,4486729] 1047314741 2094629481 2094629481 8378517925 23| 216,9810105] 1392,395024)
02)) M#WM 328762, 5703043547) 486772100 Bl 1179304657 0 2067851397 1 2,067851397) 586093 259607298 9196973602 183,939472  183,939472| 735,7578881 24| 179,6713283] 1572,066352,
2003 umm| 281171,%) 5874134854 477554700 21 103885157 0 1768518422 1 1,768518422 27,770314f  2082240067)  810,6275537]  162,1255107]  162,1255107) 648,502043] 25] 149,3291274|  1721,39548|
2004 umm| 21778,86| 605,0358899) 47123300 21 843,993037) 0 139494706 1 1,394947062, 168,798607|  185,1430251)  658,8500121]  131,7700024]  131,7700024] 527,0800097] 26| 114,445587| 1835,841067
2005 umm| 180872,02 623,1869666) 455548600 231 7089691384 0 1137650779 1 1,137650779) 141,793828|  1553079862f  553,6611521)  110,7322304]  110,7322304] 442,9289217] 27| 90,68717473| 1926,528241
2026 ####MM 140667 46| 641,8825756) 447699000 1| 567,9195408 0 884771709 1 0,884771705) 113,583008|  124,3163969]  443,6031439]  88,72062878)  88,72062878] 354,8825151] 28] 68,51501585] 1995,043257,
02, ##WM 9982949 661,1390529] 43923800 Bl 415134899 0] 6,279086014) 1 (,627908601 83,00697%| 9093397423 3242009238  64,84018476]  64,84018476| 2593607391 29| 47,21660124] 2042,259859)
028 MW#M 933043 680,9732245] 43039400 31| 399,6402987 0 5868663911 1 0586866391 79,9280597)  87,38359004] 3122567086 6245134173 62,45134173] 249,8053669 30[ 42,83264641] 2085,142505
029 u#mm| 86261,13 701,4024212] 390908000 31| 380557235 0 542566184 1 0,542566185 ToIMTY 830797513 297477504 5949551208 59,49551208] 2379820483 31| 38,52240029| 2123664905
2030 Mﬁmﬂﬂ 81067,75 720,4444939 5195000 31| 3683750305 0] 5099008071 1 0,509900807 36750061 8028391498 2830911155 57618231 57,6182231] 230472894 3| 35,17858129] 2158,843487)
03 n#nmm| 414,73 T44,1178287) 362,3288315) 0] 48692400 1 0,486924003 72,0657663)  78,82193033] 2835069012  56,70138024]  56,70138024] 226,8055209 3] 32,64385333] 219148734
2032 mwm| 73873,26| 766,4413635) 356,1260801] 0| 4646488264 1 0,464648826) 71,225216) 77,3363531] 218,789727)  55,75794539]  55,75794539] 223,0317816) 341 30,26940447| 2221,756744|
2033 m###m| 69484,98] 789,4346045, 345,0203221] 0 4370473756| ) 0437047376 69,0040644| 7481158555  270,2087365]  5404174731)  54,04174731] 216,1669892] 35{ 27,66405401] 2249,420798|
2034) Wm##| 66574,01 813,1176426) 340,4831945) 0| 4187379251 1 0,418737925) 68,0966389|  73,70275608| 2667804385  53,35608769]  53,35608769] 213 4243508] 36| 25,75489278| 2275,175691,
2035 #mmﬂ 6431376 837 5111719 338,8175142 0 4045528294 1] 0,404552829) 67,7635028)  73,21358397] 2656039303  53,12078605|  53,12078605] 212,4831442 37| 24,17851304] 2299,354204)
2036 #mm#ﬂ 63026,72 862,636507) 3419716627, 0 39426143 1 (396426142 0 68,3043325]  737550201) 2682166426 5364332851  53,64332851] 14,57331406 38| 1,56369755] 2300917902
03] ##WW| 50731 8385156022 2,83515013), 0 0031908839 bl 0,0031908%4 056703003 1,602129749)  1,233020382]  0,246604076]  0,246604076) 0,986416306) 39] 0,099803093]
SUM | 2300917902






IOR: GULLFAKS S@R STATFJORD

12.2.5

Sensitivity Case: +40 % of Investment Cost

EXPENDITURE
INCOME OPEX CAPEX
DATE FOPT  |vol oil per yea oil prize  |Volgasperyear|  Gasprize  |oilincome  |Gasincome F\'e\d/oﬁshorekOZ-duty |Gasow| D Subsea  |Production unit |Drilling  [abandon  |Cap Allowance] royalty |Fiscal allowance| Taxable income Tax Net tax cashflow | i NPV | cum NPV
(SM3)  |Sm3 (UsD/BBL) Sm3 (cents per gallon){(MNOK) (MNOK) ~ |(MNOK) (MNOK) ~ [(MNOK) (MNOK) |(MNOK) (MNOK)  |(MNOK) ~ |(MNOK) (MNOK) ~ |(MNOK) (MNOK) (MINOK) (MNOK) (MNOK) (MNOK) |(MNOK)
1999) 182525,08)  182525,08 21,39, 45087848 110,8333333|  147,3405078 0 11,48048214) 1 11480482141 4900 210 1442) 294681016 1485006632  -1337,756124]  -267,5512248]  -267,5512248) -6838, 2049 1] -6448,09514) -648,09514
2000[ 33053316 148008,08| 34,29 62183542| 1384) 191,5321749) 0] 9,300428157) 1 0,930942816 1042 33306435 1491546806  -1300,014631)  -260,0029262]  -260,0029262] 401,9882952 2| 357,4308732] -6090,66427)
2001] 5388%9,12 208365,96| 803 103837010| 1393333333 220413758 0] 13,10582459 1 1,310582459) 1042] 440827516 1501,499159|  -1281,085401)  -256,2170801] 2562170801 417,13167%5 3] 349,7366578] 574092761,
2002 773933000 23503388 73 174349490| 1365 242,41468%9 0 147831863 1 147831863 1042] 484829378 1507,744443|  -1265,329754)  -253,0659508  -253,0659508] 429736197 4] 339,7498274) -5401,17778
2003) 10505896] 2766566 247 231690460| 156 339,009723 0 1740117662 1 1,740117662, 1442] 67801906 1529943239  -1190,933516)  -238,1867032]  -238,1867032] 489,2531873 5| 364,7374012] -5036,44038
2004 15292995 4787099 29 246407810| 180,3333333|  776,2946497 0] 30,1099468 1 3,010994685) 15525893 189,3798715]  586,9147782] 1173829556  117,3829556) 469,5318226) 6] 330,0661556] -4706,37423
2005| 20169845 48768 5520 21307940 1| 1016,122083 0 30,6746366) 1 3067446366 324457 137,9663666] 7781550164  155,6311833]  155,6311833] 622547331 7] 412,6500488) -4293, 72418
006 29377 3715395 6,36 247841045 20 883,47057 0 236114779 1 2,36114779) 17668941 2036620371 6797850199 135,957004]  135,957004] 543,8280159 8] 339,9195899] -3953,80459
2007 2733945 340017 66,66 132349455 300| 855,3727476) 0] 21,38645734) 1 2,138645734) 17007455 1955996526] 659773095 131954619 131954619 527818476 9| 311,0917778) -3642,71281,
2008] 2926702, 194308 91,35 210171400 300| 6698661981, 0] 12,22160551 1 1,202160551, 133973 1BALT0057)  521,4491924] 1042898385  104,2898385) 417,1593539) 10/ 231,8436779) -3410,86913
2009] 29267029 () £0) 0 300| 0) 0 () 1 0 () 1 - -0 () - 11 -0,52406191] -3411,3932
010 30916082 1649057 400 51295890 300| 414,8902592 0 1037205648) 1 1,037225648 829780518 95,387533%]  319,5027252] 6390054504 63,90054504) 2556021802 12] 126,3096348] -3285,083%
011 36599 568089, ) 74040400 300| 147),149065) 0 373138 1 351317343 14429813 3347347638 1137414301 2274808603 227 ,4828603| 9099314411 13{ 424,0039715 -2861,07959
012] 4229859 570159 4436 -235126510) 300| 1521,825854) 0 358616706) )| 3,58616706) 304365071 3448130084 1177,012845) 235,400569) 235,400569| 941,6102761] 14) 413,7345311) -2447,34506
013 4749729 519876) 437,008) 219673000 3000 1429,252676 0] 32,69921664) 1 3,269921664) 285850535 3228196735 1106,433003|  221,2866005  221,2866005| 885,1464021 15 366,7372428] -2080,60782
014 5199452 14973 45020354 197355000 300 1273478359 0] 28,28672569 1 2,818672569) 254695672 28681107 986,6672888]  197,3334578  197,3334578] 789,3338311 16| 308,332661] -1772,2515
2015 5857105 657649, 463,7096297) 24858700 3000 1918,130667] 0] 41,36490908) 1 4136490908 5600 1260) 1372 38366133 1802,127533  116,0031339 232006679  23,20062679| -5395,19749 17) -1987,58591] -3759,81106
2016| 72381219 1381020 A77,6209186] 719654400 300 4148784601 0 868635447 1 868635447 1372 89,7569 2298306819 1850477782  370,0955564]  370,0955564| 2852,382226) 18] 990,8675597| -2768,9435
017 885802 10476805 491,9495462] 666976200 300 3241,80873 0 65807109 1 6,589712093 1372] 648,361175|  2093,848008)  1147,957866] 2295915732 229,5915732) 2290,366293) 19| 750,2433581] -2018,70014
018 8993714 707912 506,7080326] 528222200 300| 2256,184665) 0 4563050 1 44563522 1370 451236933 1873215891  382,9687742)  76,59375485] 7659375485 1678375019 20[ 518,4126017] -1500,28754)
019 9561861 568147 521,9092735] 517110300 300| 1865,06216) 0 3573370 1 357353712 137 37301432 178531341 7974082138 1594816428 1594816428 1435792657 21| 418,1341788) -1082,1033¢)
2020 10036004 474143 537,5665517] 508983300 300 1603,168465 0] 29,82269748) 1 2,982269748) 30633693 3544386602 1248729805 249,7450609]  249,7459609] 998,9838437 2| 274,3618116] -807,74155
2021] 10433789 397781, 553,6935483] 491506700 31| 138323107 0 250197218) 1 2,50197218 I7T,064620) 3055862607 1079736846 2159473692 215, 9473692] 863,78%4768 23| 223,698171] -584,043378)
2022 10772719 338930) 5703043547 486772700 Bl 1215777997 0] 21,31805564) 1 2,131805564) U3155599)  267,6054606] 481725363 1896345073  189,6345073| 758538029 24 185,2342155] -398,809163
203 11062583 289868) 5874134854 47755470 Bl 10709 0] 18,23214868) 1 1,813214868 24192 2352515636 835,7294368)  167,1458874]  167,1458874] 6685835494 25[ 153,9532513] -244,855912)
024 1191221 228639) 605,0358899] 471223300 31| 8700959147 0] 1438089755 1 1,438089755) 174019183 1908381702 6792577444 135,8515489  135,8515489] 5434061956 26| 117,9905136] -126,865398)
025 114776871 186466 623,1869666] 455548600 1| 7308960189 0 11,72835859 1 1,172835855) 146179204 160,0803982] 5708156207 114163141 114,1631241] 456,65249%6 27| 93,49699855) -33,3683995
2026] 1162270 145018) 641,8825756] 447699000 31| 5854840627 0 9121357783 jl 0,912135778 107,096813  128,1303061] 4573537566 9147075132 91,47075132] 365,8830053 28| 706383138 37,2704143
2007] 11725622 102917 661,1390529] 439238000 B 42791017 0] 6473284551 1 (647328455 85,504803)  93,71543735| 3342586844  66,85173687|  66,85173687] 2674069475 29| 48,6814128] 85,95182711]
2028 11821812 96190) 680,9732245] 430394000 31| 412,0003079 0 6,050168%] 1 (,605016898 82,4000616]  90,05524746]  321,9450605|  64,38901209]  64,38901209] 257,5560484 30| 44,21316119] 130,1649883
2009 11910741 83929 701,4024212] 39090800 31| 392,3770469 0 559346582 1 559346582 84654004 8561822179 3067088251  61,34176503  61,34176503] 245,3670601 31] 39,71781979] 169,8828081]
2030 11994316 83575 720,4444939 5195000 31| 379,7680727 0 5256709351 1 0,525670935 75,9536145)  82,73599482)  297,030779| 5940641557 59,40641557] 237,6256623 3| 36,27035523] 206,1531633
2031 12074125 79809 T44,1178281) 373,5348778 0 5,019835078] 1 0,501983508 747069756 812879415 2923060837 5846121674 5846121674 233844867 33| 33,65701817] 2398101815
2032] 12150083 76158) T66,4413635) 367,1402887) 0] 4790194087) 1 0479019409 TBARST 19697704 28730175 574886035 574886035 229954414 34 31,20892958) 271,0191111]
033 1221917 71634 7894346045 3556910537, 0] 4,505643047] 1 0450564305 711382107 77,09441809) 2785966356 5571932712 55,71932712] 222,8773089 35| 28,5228097| 299,5419208)
2034 12290550 £8633 813, 1176426 351,0136026) 0] 4316385826) 1 (,431688583) 70007205 7595129493 275,063077|  55,01246154  55,01246154] 220,0498461 36| 26,55442162| 326,0963424)
2035 12356858 £6308) 8375111719 349,2964064) 0 4170647726) 1 0417064773 69,8592813) 7544699378 2738494126 5476988253  54,76988253| 219,0795301 37| 24,92911754] 351,0254599)
2036 12421834 B4976) 862,636507) 352,5481058 0] 4,08686746) 1 0,408686745 %0 705096212 76,00517536]  276,5429305  55,3085861  55,3085861] -58,76565%6 38| -6,30547804] 344,7199819)
2037 12420357 523 838,5156022) 2,92835187) 0 0,03289571) jl 0,003289571 058456704 1620752319 1,302082869]  0,260416574]  0,260416574) 1,041666295) 39] 0,105393147)
SUM | 3447199819
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GROUP |V — GULLFAKS VILLAGE 2010

12.2.6

Sensitivity Case: -40 % of Investment Cost

m IOR Challenge Part B | Appendix B: Economic Calculation

EXPENDITURE
INCOME OPEX CAPEX
DATE FOPT  |vol oil per yea oil prize  |Volgasperyear|  Gasprize  |oilincome  |Gasincome F\'e\d/offshorekoz-duty |Gasoi| D Subsea  |Productionunit |Drilling  [abandon  |Cap Allowance] royalty |Fiscal allowance| Taxable income Tax Net tax cashflow | i NPV | cumNPV
(SM3) Jsm3 (UsD/BBL) Sm3 (cents per gallon)|(MNOK) ~ |(MNOK)  |(MNOK) (MNOK) ~ |(MNOK) (MNOK) |(MNOK) (MNOK)  |(MNOK)  |(MNOK)  |(MNOK) |(MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) |(MNOK)
1999| 18252508 182525,08 13 45087848) 1108333333  147,3405078 0 11,48048214) 1 1,148048204] 2100 90 618| 29,4681016]  661,0966319]  -5137561241(  -100,7512248|  -102,7512248] -2883,0049 1] -2718,53362| -2718,53362)
2000 330533,16) 148008,08| 329 62183542| 1334) 1915321749 0 9300428157 1 0,930942816 618| 3306435 667,546806)  -476,0146311]  -95,20092621]  -95,20092621) 237,1882950) 2| 210,8977313) -2507,63588
2001] 5388%9,12 208365,96| 803 103837010| 1393333333 220413758 0 13,10582459 1 1,310582459) 618| 440827516 677,4991587)  -457,0854006]  -91,41708013  -91,41708013) 252,331679%5) 3] 211,5630209] -229,07286)
2002 773933000 23503388 U 174309490 1365 242,41468%9 0 147831863 1 147831863 618| 484809378) 683, 7444427) 4413297538  -88,26595076  -88,26595076) 264936197 4] 209,4587978) -2086,61407]
2003] 10505896 2766566 47 231630460 156 339,009723 0 1740117662 1 1,740117662, 618] 67,8019446]  705,9432389]  -366,9335159|  -73,38670318|  -73,38670318] 3244531873 5| 241,8792875| -1844,73478
2004 15292995 4787099 297 246407810]  180,3333333)  776,2946497] 0] 30,1099468 1 3,010994685) 15505893 189,3798715]  586,914778)]  117,38295%6]  117,3829556] 469,5318226) 6] 330,0661556| -1514,66862
2005| 2016984,9 18768 5520 21307940 31| 1016,122283 0] 30,67446366) 1 3,067446366) 324457 237,9663666] 7781550164 1556311833 155,6311833] 622,5247331 7] 412,6500488] -1102,01857)
006 239371 3715395 6236 247841045 200 88347057 0l 236114779 1 2,36114779 176689411 2036620371 6797850199 135957004 135,957004] 5438280159 8] 339,9195899] -762,098984)
007 2733945 340017 66,66 132349455, 300 855,3727476 0 21,38645734) 1 2138645734 17007455 195,5996526) 659773095 131954619 131954619 527818476 9] 311,0917778) -451,007206
2008] 29267025 194308 91,35 210171400 300| 6698661981, 0 12,22160551 1 1,202160551] 1339734 MBALTO057)  521,4491924] 1042898385  104,2898385) 417,1593539) 10] 231,8436779) -219,163528
2009| 2926702, () £0) 0 300| 0 0 () 1 0 () 1 Bl -02 () - 11 -0,52406191| -219,68759
2010 30916082 1649057 400 51295890, 300| 414,8902592) 0 10,37225648) 1 1,037225648) 82,9780518)  95,387533%| 3195027252  63,90054504]  63,90054504] 255,6021802 12] 126,309348] -93,3779552
011 3659698 568089, 1) 74040400 300| 1472,149065) 0 35,3173 1 35713177343 190,429813) 3347347638 1137414301 2274828603  227,4828603] 9099314411 13] 424,0039715] 330,6260163
012 409853 570155 436 235006510, 300| 1521,825854| 0l 358616706) 1 358616706 30436507 3448130084  1177,012845| 235400569 235,400569] 941,6102761 14] 4137345311 744,3605475
013 4749729 519876) 437,008 219673000 300| 1429250676 0 3269921664 1 3,269921664) 25850535 3228196735 1106433003 221,2866005|  221,2866005] 885,1464021 15] 366,7372428|  1111,09779
014 5199452 U973 450,203524) 197355000 300| 1273478359 0 2828672569 1 2,818672569 254,69567)) 286,81107|  986,6672888)  197,3334578  197,3334578] 789,3338311 16| 308,332661 1419,480451
005 58571015 657649, 463,7096297) 2858700 300| 1918,130667) 0] 41,36490908) 1 4,136490908) 2400 540 588) 383626133 1018127533 900,0031339] 1800006268  180,0006268] -1631,99749 17 -601,226409) 818,2540424
2016| 72381215 1381020 4776209186 719654400 300| 4148,784601 0 86863547, 1] 868635447 588| 80975692 1514306819 2634477782 5268955564  526,8955564] 2695,582206) 18] 936,3979897| 1754,652032
007 8285802 10476305 491,9495462] 666976200 300| 3041,805873 0] 65807109 1 6,589712093 588| 648361175 1309,843008]  1931,957866|  386,3915732]  386,3915732] 2133566293 19) 698,8811988] 2453,533231
2018 8993714 707912 506,7080326] 528222200 300| 2056,184665) 0 445263052 1 44563522 588| 45136933 1089,215891)  1166,968774] 2333937548  233,3937548) 1521,575019) 20[ 469,980579| 292351381
009 9561861 568147] 521,9092735] 517110300 300| 1865,062162) 0 3573371 1 357353712 508 373,01432] 1001321341 8637408214  172,7481643  172,7481643| 1278992657 21 372,5151339] 329,08944)
2020 10036004 47483 537,5665517] 508983300 300| 1603,168465) 0 298269748) 1 2,982269748 30633693) 3544386602 1248729805 249,7450609]  249,7459609| 9989838437 20| 274,3618116] 3570,390756)
2021] 10433789 397781 553,6935483] 49150670 231| 1385,33107, 0 250197218) 1 250197218 77064620 3055862607 1079736846 2159473692 215, 9473692] 863,78%4768 23| 223,698171] 3794,088927)
022 10772715 338930) 5703043547) 486772700 231| 12157771997, 0 21,31805564) 1 2,131805564) U3 155599)  267,6054606] 9481725363 1896345073 1896345073 758538029 24 185,2342155] 397933142
2003 11062583 289369 5874134854 477554700 PRl 1070981 0 1823214868 1 1823214868 24192 2352515636 8357294368  167,1458874|  167,1458874) 668 5835494 25 153,9532513] 4133276394
204 11291221 228639) 605,0358899] 471223300 31| 8700959147 0] 14,38089759 1 1,438089755) 174,019183) 1908381702 6792577444  135,8515489]  135,8515489] 543,4061956 26| 117,9905136| 4251,266%07)
2025 114776871 186466 623,1869666] 455548600 31| 7308960189 0 11,72835859 1 1,172835855) 106,17904)  160,0803982] 5708156207 114163141 114,1631241] 456,65249%6 27| 93,49699855 4344,763906)
2026 11622705 145018 641,8825756] 447699000 31| 5854840627 0 9121357783 1 0912135778 107,09813 1281303061 4573537566 9147075132 91,47075132] 365,8830053 28] 706383138 441540072,
2027 11725622 102917 661,1390529] 43923800 B 4791017 0 6473284551 1 (647328455 85,504803) 9371543735 334,2586844  66,85173687  66,85173687] 267,406%475 29| 48,6814128] 4464,084133
2028 11821812 96190) 680,9732245] 43039400 31| 412,0003079 0l 6,050168%] 1 0605016898 82,4000616]  90,05524746] 3219450605  64,38901209  64,38901209] 2575560484 30] 44,21316119] 4508,297294)
2029 11910741 83929) 701,4024212] 390908000 1) 393270469 0 559346582 1 ,559346582) TR4654004) 856182179 3067088251 6134176503 61,34176503] 245,3670601 31] 39,71781979] 4548,015114)
2030 11994316 83579 T20,4444939 5195000 B1| 3797680727, 0 5256709351 1 0,525670935 759536145 827359482 297,0300779 5940641557 59,40641557| 237,625663 3| 36,27035523 4584,285469)
2031 12074125 79809) 744, 1178287 373,5348778) 0] 5019835078] 1 (501983508 74,7069756 8120879415 2923060837 5846121674 5846121674 233844867 33| 33,65701817] 4617,942487)
2032 12150083 76158) 7664413635 367,1402887) 0] 4,790194087) 1 0,479019409 T3A80571] 069721124 2874430075 574886035 574886035 229954414 34| 31,20892958] 4649,151417)
2033 1221917 71634) 7894346045 3556910537, 0] 4,505643047) 1 0450564305 711382007 77,0441809] 2785966356 5571932712 55,71932712] 222,8773089 35| 28,52280972] 4677,674226)
2034 12290550 68633 8131176426 3510136026, 0] 4316385826) 1 (431688583 702027205 7595129493 275063077 5501246154 55,01246154] 220,0498461 36| 26,55442162] 4704,228648)
2035 12356859 66308] 8375111719 349,2964064) 0 4170647726) 1 0417064773 69,8592813) 7544699378 2738494126 5476988253 54,76988253] 219,0795301 37| 24,92911754] 4729,157765
2036] 12421834 64976 862,636507] 352,5481058 0 4,086867446] 1 0,408686745| 120 705096212 76,0051753|  276,5429305) 55,3085861 55,3085861 101,2343444) 38 10,86231283] 4740,020078|
2037| 142357 53 888,5156022, 2922835187 0 0,03897] 1] 0,003289571] 058456704 1620752319 1,302082869]  0,260416574]  0,260416574) 1,041666295) 39] 0105393147,
SUM | 4740,00078





IOR: GULLFAKS S@R STATFJORD

12.3 Base Case: Smartwell Case
EXPENDITURE
INCOME OPEX CAPEX
DATE FOPT [|voloilperyearl  oilprize  |Volgasperyear|  Gasprize |oilincome ‘Gasincome Field / offshore |C02- duty |Gas oil transportation Subsea/platform|Produaionumt Drilling |ahandon (Cap Allowance] royalty | Fiscal allowance| Taxable income Tax Nettax | cashflow | i NPV | cum NPV
(sv3)  Jom3 (UsDy/B8L) 5m3 (centspergallon]{NOK) (oK) [fmvox) (MNOK) ~ |(MNOK) (MNOK) (MNOK) (MNOK)  [(MNOK)  |(MNOK) |(MNOK)  [(vNoK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) |(MNOK)
1999 182525,08 18252508 239 45087848 1108333333 1473405078 0 114808214 1 1,148048214 3500 1650 1030) 294681016 1073,096632]  -925,7561241)  -185,1512048)  -185,1512048] -4860,6049) 1] -4583,31438] -4583,31439
2000 330533,16) 148008,08| 3429, 62183542] 1384] 191,5321749) 0 9309428157, 1 0,930942816) 1030 38306435  1079,546806|  -888,0146311)  -177,6029262]  -177,6029262| 3195882952, 2] 284,1643022] -4299,15008]
2001 53889912 208365,96| 2903 103837010] 1393333333 220413758 0 131058459 1 1,310582459 1030) 440827516 1089,499159]  -869,0854006)  -173,8170801]  -173,8170801] 334 7316795 3] 280,6498394] -4018,50024]
2002 773933000 23503383 23] 174349490[ 136,5]  242,4146889) 0 147831863 1] 147831863 1030[ 48,4829378| 1095, 744443  -853,3297538  -170,6659508)  -170,6659508] 347,336197] 41 274,6043126| -3743,89593)
2003] 10505898 276656,6) 4 231690460\ 156] 33900973 0 1740117662 1 1,740117662 1030 67801946 1117943039 -7789335159)  -155,7867032]  -155,7867032] 406,8531873) 5| 303,3083443) -3440,58758]
2004 15292995 4787099 4297 246407810  180,3333333]  776,2946497) 0 3010994685 1] 3,010994685) 15525893 1893798715  586,9147782|  117,3829556  117,3829556| 469,5318226) 6] 330,0061556| -3110,52143,
2005| 20169845 47685 55,21 13079440 BI| 101612283 0 306746366 1 3,067446366) 3200457 237963666 7781559164 155,6311833  155,6311833) 622,524733 7] 412,6500488) -2697,8713¢]
2006 239377 3753929 62,36 247841245 200 883, 47057, 0 236114779 1] 2,36114779 176680411 203,6620371] 6797850199 135957004 135957004] 543,8280159) 8] 339,9195899) -2357,95179)
07| 233945 3400175 66,66 132349055 300 8553727476 0 238645734 1 2138645734 17,0745 195599526 659773005 13194619 131954619 527818476 9] 311,0917778) -2046,86001]
2008] 29267025 194308 9135 210171400 300‘ 669,8661981] 0 12,2216051] 1] 1,22160551] 1339734 1484170057  521,4491924]  104,2898385)  104,2898385] 417,1593539) 10] 231,8436779) -1815,01633
2009] 29267025 0 60 0‘ 300‘ 0 0 0 1 0 0 1] -1 -0, 0 -1 11] -0,52406191) -1815,54039)
2010] 30916082 164905, 400 -51295890[ 300‘ 414,8902592 0 103725648 1] 1,037225648| 82,9780518]  95,387533%| 3195027252  63,90054504]  63,90054504 255,6021802 12| 126,3096348) -1689,23076|
2011 3659698 568089,9 i 74040400‘ 300‘ 1472,149065) 0 3573177383 1 3573177343 204420813 3347347633 1137414301 2074808603  227,4828603| 909, 9314411 13| 424,0039715) -1265,22679)
012] 4029853 570155 424,36) -235126510[ 300‘ 1521,825854| 0 358616706 1] 3,58616706) 304365071 3448130084 1177012845 23540569  235,402569| 941,6102761 14] 413,7345311) -851,492255
013 4749729 519876) 437,0008|  -219673000, 300‘ 1429,252678| 0] 3269921664 1 3,69921664) 285850535 322819735 1106433003  221,2866005  221,2866005( 885,1464021 15| 366,7372428) -484,755012
2004] 5199452 4973 450,03524 197355000 300‘ 1273 478359 0] 2828672569 1] 2,808672569 25469567 28681107|  986,6672888  197,3334578)  197,3334578) 789,3338311] 16| 308,382661) -176,372352
2015 5689028 489576 463,7096297 24858700) 300‘ 1427,91979%| 0] 30,793403%8 1] 307934039 4000 750 950 285,583959] 1270456703 1574630921 3149261842  31,49261842) -3674,02953 17] -1353,50917) -1529,88153
2016] 6444182 755154 4776209186 719654400, 300‘ 2268,592263 0] 4749775763 1] 4,149775763 950 453718453 1456965986 8116262769  162,3252554  162,3252554) 1599,301022) 18] 555,5691261) -974,3123%9)
17| 7098495 6542675 4919495462 666976200 300\ 2024480005 0 411518768 1 4115218768 950 404,806001)  1401,163408) 6233165979  12466331%| 124663319 1448653278 19 474,5278097] 499,784
2018 7586291 4878415 506,7080326) 528222200[ 300‘ 1554,798494 0 3068430721 1 3,068430721] 950] 310959699 1295712437 259086057  518172114]  51,8172114) 1157,268846) 20| 357,4545296]  -142,33006)
2019 8064097 477806 521,9092735) 517110300‘ 300‘ 1568498307 0 30,05309325 1 3,005309325) 950[ 313699761 1297758164  270,7406427| 5414812853  54,14812853) 1166,592514 21| 339,7778433) 1974477834
2000] 8535723 471626) 5375665517 508983800[ 300]  1594,658005) 0 2966438294, 1 2966438294 318931601 3525624222  1242,095583] 2484191165 248 4191165] 993,6764661] 20| 272,9041887) 470,3519721)
2001 8989277 453554 553,6935483) 491506700‘ 1| 1579559698, 0 2850768834 1 2,852768834| 31501194 3432923968 1231267301  246,2534603)  246,2534603( 985,0138411 23| 255,092011) 725,4439831)
2002] 9424002 4347051 570,3043547) 486772700[ 231 1559404861 0 2734337987, 1 2,73433798]] 311880972 342,9586901) 1216446171 2432892343 2432892343 973,156937] 24| 237,6439346( 963,0879177]
2003 9819693 395691} 5874134854 477554700‘ Bl 14619732 0 24,88821514) )l 2488821514 292393464 307705006 1141196819  228,2393638  2282393638] 912,9574553] 25| 210,2046888) 1173,312606)
2004 10195230) 37553]] 605,0358899) 471223300[ 1 1429129058 0 2362056667, 1] 2,362056667] 285,825812) 3128084349 1116320623  223,2641246)  223,2641246| 893,0564983] 26| 193,9105512] 1367223158
2005 10537150) 341920) 623,1869666) 455548600‘ Bl 13402338 0 2150612099 1 215061209 26804668 292,7034191) 1047530011  209,5060022  209,5060022| 838,0240088] 27) 171,5806442] 1538,803802]
2026 10856376) 319226) 641,8825756) 447699000[ 31| 12888174% 0 2007871133 1 2,007871133, 57763499 2808500813 1007967413  201,5934826|  201,5934826] 806,3739304 28] 155,6817264] 1694 485528)
2027] 111540%) 297700 661,1390529 439238000‘ 231 1233,050619 0 1872600463 1 1872602463 7610124 2692087508 968,8418678| 1937683736  193,7683736| 775,0734942) 29| 141,1020659) 1835587594
2008 11443020 288924 680,9732245) 430394000[ Bl 183750174 0 181721787, 1] 1,81727728]] 247503435 2684934849 969,03689  193,8047378)  193,8047378| 775,2189512) 30| 133,0773657| 1968, 664%]
2009 11717874 274854 70,402421)) 390908000‘ Bl 1212570032 0 17,2871949 1 172877949 205040460 262530625 950,0396004]  190,0079219)  190,0079219| 760,0316875) 31 123,0271153{ 2091,692075)
2030] 11985437 267563 720,4444939) 5195000 81 1215816749 0 1682920639 1 1682920639 24316335 2626754769 9531412725 1906282545  190,6282545( 762,513018 32| 116,387337] 2208079412
2031 12246104 260667 7441178281 1220,015487) 0 1639546104 ) 1639546104 244003097 2630381045 956,9773825| 1913954765  191,3954765| 765,581906) 331 110,1893082{  2318,2687)]
2032 12492085 245981 766,4413639) 1185,818107) 0 1547173943 1] 1547173943, 237163621 2551805347] 9306355719  186,1271144)  186,1271144] 744,5084575) 341 101,0431225( 2419,311843]
2033 1272119 29110 789,4346045) 1137,621483) 0 14,41058546) ) 1,441058546| 20752497 443759406 893, 2455424 1786491085 178 6491085| 714,5964339) 35 91,45075488] 2510,76259]
2034 12941709 20514 813,1176426) 1127,78712)) 0 138699133 1] 1,386991332) 25557424 2418143091 8859727932 177,1945586] 1771945586 708, 7782346) 36| 855315121 259,29411]
2035 13157516) 215807 8375111719 1136,825264) 0 1357385193 ) 1357385193, 207365053 2432962898  893,5289738|  178,7057948) 1787057948 71483179 37 81,33991815{ 2677,634028]
2036 13374376) 216860) 862,636507] 1176,64341] 0 1364008364 1] 1,364008364] 200 235,328681| 251,3327741| 9253106363 185,0621273)  185,0621273] 540,248509) 38] 57,96795888{ 2735,601987]
2037 1337613 1747 838515602 9763275473 0] 0,1098829%4 1 0,00988299) 1,95265509 3,073526388| 6,689749085)  1,337949817)  1,337949817] 5351799268 39 0,541481439)
SUM | 2735,60198]]
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GROUP |V — GULLFAKS VILLAGE 2010

12.4

Sensitivity Case: Smartwell Case

12.4.1

Sensitivity Case: +5% of Oil and Gas Price

EXPENDITURE
INCOME OPEX CAPEX
DATE FOPT  |vol oil peryea oil prize  |Volgasperyear|  Gasprize |oilincome  |Gasincome |Field / offshore |CO2- duty |Gas ol transportation  |Subsea/platform |Production unit |Drilling  |abandon |Cap Allowance| royalty |Fiscal allowance| Taxable income Tax Net tax cash flow i NPV | cumNPV
(M3 [sm3 (UsD/B8L) 53 (cents pergallon]|[VNOK)  |(MNOK)  |moK) (MNOK)  |(MNOK) (MINOK) (MINOK) (NOK)  ivmok)  imwok)  [(mwok)  (vok) (VINOK) (VINOK) (MNOK) (VNOK) (MNOK) ~ |(MnoK)
1999| 182525,08]  182525,08] 21,39 45087848]  110,8333333)  147,3405078 0 11,48048214) 1 1,148048214) 3500) 1650) 1030{ 29,4681016{  1073,096632  -925,7561241)  -185,1512248)  -185,1512248| -4860,6049) 1) -4583,31438] -4583,31438]
2000[ 330533, 16| 148008,08| 3429 62183542 1384 191,5321749) 0] 9309428157 1] 0,930942816 1030] 38306435  1079,546806)  -8830146311)  -177,6029262  -177,6029262] 319,5882952 2] 284,1643022) -4299,15008]
2001 538899,12 208365,96| 2803 103837010]  139,3333333] 20413758 0] 1310582459 1] 1,310582459 1030 44,0827516]  1089,499150)  -869,0854006 -173.8170801  -173,8170801] 334,7316795 3] 280,6498394) -4018,50024]
2002 77393300 23503389 273 174349490‘ 1365 242,4146889) 0 147831863 1] 147831863 1030 48,4829378]  1095,744443)  -853,3207538)  -170,6659508|  -170,6659508] 347,336197 4] 274,6043126) -3743,89593
2003| 1050589,6] 276656, 3247 231690460‘ 156 339,00973 0 1740117662 1 1,740117662) 1030 67,8019446]  1117,043239)  -7789335159)  -155,7867032|  -155,7867032] 406,8531873 5| 303,3083443) -3440,58758]
2004 1529299,5) 4787099 297 246407810|  180,3333333|  776,2946497| 0| 3010994685 1 3,010994685) 195,25893|  189,3798715| 5869147782  117,3829556|  117,3829556| 469,5318226| 6 330,0661556| -3110,52143
2005] 2016984,5) 487685 55,21 213079440 231 1016,122283) 0] 30,67446366) 1 3,067446366| 203,24457)  237,9663666] 7781559164  155,6311833|  155,6311833) 622,5247331 7| 412,6500488) -2697,87138|
2006] 2392377, 375392,51 62,39) 247841245 270]  883,447057, 0 23614779 1 2,36114779 176,680411)  203,6620371]  679,7850199 135,957004) 135,957004| 543,8280159) 8] 339,9195899] -2357,95179
2007) 23345 3400175 66,66 132349455 300 855,3727476) 0 2138645734 1] 2,138645734 17007455 1955996526 659773095 131954619 131954619 527818476 9] 311,0917778) -2046,86001]
2008) 2926702, 194308) 91,35 210171400 300‘ 6698661981 0] 12,22160551] 1] 1,22160551] 1339734 1B4170057| 5214491924 104,2898385  104,2898385| 417,1593539) 10] 231,8436779] -1815,01633)
2009) 2926702, 0 60) 0‘ 300‘ 0 0 0 1] 0 0 1] Bl -02 0 -1 11 -0,52406191] -1815,54039)
2010) 30916082 1649057, 40 -51295890‘ 300‘ 414,8902592 0 103725648 1] 1,037225648) 89780518 95387533%| 3195027252 63,90054504]  63,90054504] 255,6021802, 12] 126,3096348| -1689,23076)
2011 3659698 568089,8| 420 74040400‘ 300‘ 1500,734484 0 3573177343 1 35731773483 300146897 3404518475  1160,282636(  232,0565273|  232,0565273) 928,2261091 13 432,5288026] -1256,7019|
2012] 4229853 570155 1] -235126510[ 300‘ 1581,49973 0 358616706 1 3,58616706) 316,99935  356,7477723) 1224751901  244,9503802  244,9503802) 979,8015208 141 430,5153981) -826,186557]
03| 474979 519876 463,05 -219673000[ 300‘ 1514,137227] 0 32,69921664] 1] 3,269921664 302,827445| 3397965836 1174340643  234,8681286]  234,8681286] 9394725144 15 389,2458455( -436,940712)
2014) 519945, 4973 486,005 -197355000[ 300[ 1375,307675, 0 2828672569 1] 2,828672569) 25061535 3071769332 1068130742 2136261483 2136261483] 854,5045933) 16 333,8440466{ -103,096665)
2015 5689028 489576 510512625 24858700‘ 300‘ 1572,04215 0 3079340398 1] 3,079340398| 4000 750) 950| 31440843 1299,281174] 2727609754 5455219508 54,55219508] -3581,79122) 17 -1319,52866( -1422,62533)
016) 6444182, 755154] 536,0382563 719654400‘ 300‘ 2546,061517) 0 4749775163 1] 4,749775763| 950/ 509,212303| 1512459837 103360168 2067203361  206,7203361] 1776,881344) 18] 617,2574159] -805,367914)
2017] 7098449,5) 654267,51 562,8401691 666976200‘ 300‘ 2316,210427) 0] 4115218768 1 4,115218768) 950[ 463,242085  1459,509492]  856,7009353|  171,3401871)  171,3401871] 1635,360748) 19] 535,6866033) -269,681311]
2018 7586291 4878415 5909821775 528222200‘ 300‘ 1813,387869) 0] 3068430721 1 3,068430721] 950[ 362,677574]  1347,430312] 4659575573  93,19151146)  93,19151146| 1322,766046) 20| 408,5729228) 1388916121
2019] 8064097 477806) 620,5312864) 517110300[ 300‘ 1864,888461] 0] 3005309325 1 3,005309325] 950] 372,977692  1357,036095]  507,8523666]  101,5704733)  101,5704733) 1356,2818%3 21| 395,026139) 533,9177511]
2000 8535723 471626) 6515578507 508983800[ 300 1932,806159) 0] 2966438294 1 2,966438294 36561232 4201920531 1512,614106 3025228213 3025228213 1210,091289 2| 332,3405471] 866,2582981)
2021) 8989277, 453554 684,135743) 491506700‘ Bl 1951681127 0 2852768834 1 2,852768834| 390336225 422,7166825  1528,964444] 3057928888 3057928888 1223171555 23] 316,7684339) 1183,026732)
2022 9424000, BT 718,3425304 486772700‘ 1] 1964191269 0 27,34337987] 1] 2,73433798]] 39283854 4239150716 1540275297 3080550594  308,0550594] 1232,220238 24] 300,9069293) 1483,93366)
2003 9819633 395691 754,2596569) 477554700‘ 1] 1877,217661] 0 24,8885 1] 2488821514 3543532 4038205688 1473,39709] 2946794184 294,6794184] 1178,717674) 25| 271,4207049) 1755354366
2024] 10195230 375537, 791,9726398 471223300‘ 1| 1870,684254) 0] 23,62056667, 1 2,362056667] 374136851 4011194742, 1469,56478| 293,912956) 293,912956] 1175,651824| 26| 255,2708519| 2010,625218
2025| 10537150 341920 831,5712718 455548600[ 31| 1788,387238] 0] 21,50612099) 1 2,150612099) 357677448 382,3341807]  1406,053057|  281,2106115  281,2106115] 1124,842446) 27] 230,3050861| 2240,930304
2026) 10856376 319226) 8731498354 447699000[ 31| 1753172349 0 2007871133 1] 2007871133 350630470 3737210523 1379451297)  275,8902594)  275,8902594) 1103561038 28] 213,05783%6] 2453,988144
2027 1115409%] 2770, 916,8073271 439238000‘ B1| 1716815658 0] 187260463 1 1,872602463 33363132 364,9617588 1351,8539) 2703707799 270,3707799| 108148312 29| 196,8339131] 2650,872057
2028 11443020 288924 962,6476935) 430394000‘ 31| 1749397789 0 181721287, 1 1817277281 349879558 3708696079 1378528181 2757056362 2757056362 1102,822545 30 189,315185) 2840,187242)
2009 11717874 274854 1010,780078 390908000‘ 31 174741609 0 17,871%49 1] 1,7871%49) 39483206 369499782 1377916247 2755832494 2755832494 1102,3329% 31] 178,4357824] 3018623024
2030] 11985437 267563 1061,319082, 5195000 31| 1786,115783) 0 1682920639 1] 1,682920639) 357,003158  376,7352846] 1409380503 281,8761007]  281,8761007] 1127,504403 32| 172,0983534] 3190,721378
2031] 12246104 260667, 1114,385036) 1827,085645 0] 16,39546104) 1 1,639546104) 365,417129) 384,452136] 1442633508 288,5267017|  288,5267017) 1154,106807 33| 166,1092427|  3356,8306)
2032] 12492085 245981 1170,104288) 1810,354865) 0 1547173943 1 1,547173943) 362,070973]  380,0898864]  1430,264979]  286,0529957|  286,0529957) 1144,211983 34] 155,2900446| 3512,120665)
2033| 12721195 29110 1228609502 1770498223 0] 1441058546 1] 1,441058546) 354099645 3709512885 1399546934  279,9093868)  279,9093868] 1119,637547) 35| 143,286048) 3655406713
2034) 12941709 20514 1290,03%977, 1789,274267) 0 1386991332 1] 1,386991332 357,854853| 3741117581 1415162509 2830325018  283,0325018] 1132,130007) 36| 136,6193073) 3792,02602
2035 13157516) 215807} 1354,541976) 1838635222 0 1357385193 1] 1,357385193 367727044 3836582815 145497694  290,9953881]  290,9953881] 1163981552, 37| 132,449768) 3924475788
2036 13374376) 216860) 1422,269075 1939,986914) 0] 1364008364 1] 1,364008364) 200 387997383 4040014748 1535985439 307,1970878]  307,1970878] 1028,788351, 38] 110,3876454] 4034863434
2037| 13376123) 1747 1493,382529 16,40973437] 0] 0,109882994 1 0,010988299| 3,28194687]  4,402818168| 12,0069162)  2,401383241|  2,401383241) 9,605532962 39] 0,9718633%)
SUM | 4034863434
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12.4.2

Sensitivity Case: -2% of Oil and Gas Price

EXPENDITURE
INCOME OPEX CAPEX
DATE FOPT  |vol il peryea oilprice  |Volgasperyear|  Gasprize |oilincome  |Gasincome |Field / offshore |CO2- duty |Gas oil transportation |Subsea/platform |Productionunit [Drilling  [abandon  |Cap Allowance| royalty | Fiscal allowance Taxable income Tax Net tax cashflow | i NPV [ cumNPV
(M3~ {Sm3 (UsD/BBL) Sm3 (cents pergallon)|(MNOK) ~ |(MNOK)  |(MNOK] (MINOK)  |(MNOK) (MNOK) (MNOK) (MNOK) ~ |(MNOK)  |(MNOK) ~|(MNOK) |(MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) |(MNOK)
1999| 182525,08 18252508 239 45087848 1108333333 1473405078 0 114808204 1 1,148048214 3500) 1650) 1030[ 294681016 1073,096632 9257561241  -185,1512248]  -185,1512248| -4860,6049 1] -4583,31438] -4583,31438
2000 330533,16| 148008,08| 310 6218354 1384) 191,5321749 0] 9309428157 1 0,930942816) 1030 38306435 1079,546806]  -883,0146311{  -177,6029262  -177,6029262] 3195882952 2| 284,1643022] -4299,15008]
2001 538899,12| 208365,96| 803 103837010] 1393333333 220413758 0 131058459 1 1,310582459 1030( 44,0827516]  1089,499159]  -869,0854008|  -173,8170801  -173,8170801] 334, 7316795 3] 280,6498394) -4018,50024]
2002] 773933000 235033,89] 13 174349490‘ 1365 242,4146889 0 147831863 1 1,47831863 1030{ 484829378 1095, 744443 -853,3297538|  -170,6659508]  -170,6659508] 347336197 4] 274,6043126) -3743,89593
2003) 1050589,6] 2766566 347 231690460‘ 156 339009723 0 1740117662 1 1,740117662 1030[ 67,801946  1117,43239]  -778,9335159|  -155,7867032]  -155,7867032] 406,8531873 5| 303,3083443) -3440,58758]
2004] 15292995 4787099 097 MeA07810]  180,3333333]  776,2946497 0] 3010994685, 1 3010994685 15525893 1893798715 5869147782  117,38295%6|  117,3829556] 469,5318226) 6| 330,0661556] -3110,52143
2005] 20169845 18768 5521 213079440 B1| 1016122083 0] 3067446366 1 3,067446366) 230457 2379663666 7781559164 1556311833 1556311833 622,5247331 7] 412,6500488) -2697,87138]
006 BIBTI| 375395 62,36 47841045 0] 883447057 0 36419 1 2,36114779 17668411 2036620371 6797850199 135,957004]  135,957004) 5438280159 8] 339,9195899) -2357,95179)
2007 33%5 3400175 66,660 132349455 300 85,3727476 0 2138645734, 1 2138645734 7107455 195509656 659773095 131954619 131,954619) 527818476 9| 311,0917778) -2046,86001]
2008] 29267025 194308 9135 210171400 300‘ £69,8661981 0 1222160551, 1 1,202160551 13397304 1484170057 5214491904 104,2898385|  104,2898385) 417,1593539 10] 231,8436779] -1815,01633)
2009] 29267025 () 60) 0‘ 300‘ 0 0 0 1 () () 1 ] -0 0 -1 11) -0,52406191{ -1815,54039
010 30916082 1649057 40 -51295890‘ 300‘ 414890559 0 1037225648 1 1,037225648 89780518 9538753396 319,5027252 6390054504 6390054504 2556021802 12 126,309634| -1689,23076)
011 3659%9%|  5680898) 39 74040400\ 300‘ 1400,685518 0 3573138 1 3513177383 280,137104| 3204420544 1080243464 216,0486928)  216,0486928] 864, 1947711, 13) 402,6918936) -1286,53386)
012 429853 570155 384,16 -235126510‘ 300‘ 1377,661938 0 358616706 1 3,58616706) 275,532388| 3159802252 1061681713 212,3363425)  212,3363425 84934537, 14 373,194215| -913,344649)
0B 474979 519876 3764768 -219673000‘ 300‘ 1231,0494 0 3269921664 1 3269921664 246,209929| W3170672)  A7.8705772)  1895741154)  189,5741154] 758,2964617) 15) 314,1802904] -599, 164358
04| 519945 913 368,947264) -197355000‘ 300‘ 1043,631005 0] 2828672569 1 2,818672569 28726201 2408415993 802,7894058]  160,5578812 1605578812 642,2315247 16) 250,9116659| -348,252692)
2015) 5689028, 489576 361,5683187] 24858700\ 300‘ 1113,39193 0 30,793403% 1 3079340398 4000 750 950 222,678386 120755113 -94,15920007)  -18,83184001|  -18,83184001) -3875,32736) 17) -1427,66711] -1775,91981]
016 644418 755154 3543369523 719654400‘ 300‘ 1683,021068 0 4749775763 1 4749775763 950) 336604204 1339851747|  343169321)  68,63386421)  6863386421) 1224 535457 18] 425,3821416| -1350,53767]
2007 70984495 654267, 347,250133 666976200‘ 300‘ 1429,0105% 0 4115218768 1 4.115218768) 950 285802119 128069525 146,94106%)  29,388213%|  29,38821392) 1067,552856) 19)349,6927291] -1000,844%4
018 7586291 4878415 30305209 528222200 300‘ 1044,200958 0] 3068430721, 1 3068430721 950) 208840592 119359333  -149,3903716)  -29,87807432]  -29,87807432) 8304877021 20| 256,5191245] -744,325812
2019 8064097 477806) 3334991049 517110300 300‘ 1002,26797 0] 3005309325, 1 3,005309329 950) 200453594 1184511997]  -182,2440268)  -36,44880537]  -36,44880537) 804, 2047785 21 234,2300009] -510,095811
00, 83573 471626) 3268291228 508983800 300 9695184255 0] 2966438294, 1 2,966438294 193903685 227535083 741,9839191)  148,3967838|  1483967838) 5935871353 2] 163,0232989] -347,072512
021 89892771 453554 320295403 491506700 Bl 9137205768 0 2852768834, 1 2,852768834 182744115 2151245705 6985960043 139,7192009]  139,7192009) 5588768034 23| 144,7340146] -200,3384%8
2022 9424000, 134705 3138866895 486772700‘ 1| 8582722988 0 273433797, 1 2,73337%]] 17165046 2007320776 6555401211 131,1080242|  131,1080242) 524,4320969) 24| 128,0657849] -74.2727109
2003 9819633, 395691 307,6089557] 477554700‘ 1] 7655837867 0 2488514 1 2,488821514) 153106757 181493794 5340899927 1168179985  116,8179985) 467,2719942) 25] 107,5976859] 33,324972%9
2024] 10195230) 375531 3014567766 471223300‘ Bl 712,05719%89 0] 236056667 1 2,362056667] 140411598 1693042211 5426637679 1085327536 108,5327536) 4341310143 26| 94,26344741] 127,5884204
2025] 10537150) 341920 1954276411 455548600‘ Bl 6353502591 0 215061099 1 2,1506120%9 127070052 1507267849 4B36234742)  9,72469484]  96,72469484) 386,8%877%4 27| 79,21532212] 2068037425
2026| 10856376) 319226 289,5190882 447699000‘ B1| 5813170197 0 2007871133 1 2,007871133 116263404 139,3499864]  441,9670333)  83,39340666|  88,39340666] 3535736267 28] 68,26231669] 2750660592
2027] 111540%| 170 2837287065 439233000‘ Bl 5313110744 0 187260463 1 1,872602463 106262205 127860842 4034502325 8069004649  80,69004649) 32276018 29] 58,75846534] 3338245245
2008 11443000) 288924 2780541333 430394000‘ 1| 5053014593 0 1817287 1 1817277281 101060292 12050342 3832511173 7665022345 76,65022345) 306,6008938 30] 52,63240691] 3364569315
009 11717874) 74854 12493097 390903000‘ Bl 471,0804389 0 172877949 1 1,72877%49 942160878 1142306639 3%6,847775 71,3695 71,3695 285,47822) 31| 46,21065473] 432,6675862
2030 11985437 267563 267,0431887 5195000 Bl 49414938 0 1682920639 1 1,682920639 898024988 109,346258] 340017868 68,0035736]  68,0035736| 272,014294 32| 41,51931652] 474,186302171
2031] 12246104 260667 2617013249 4290730273, 0 1639546104 1 1,639546104 858146055 104.8496126] 3242034147 6484468293  64,84468293| 2593787317 33| 37,33207746] 511,5189802)
2032] 1249208 U591 1564682784 3%,8010376 0 1547173983 1 1547173983 193600075 973791209 2994219167 5983438334 59,83438334] 239,5375334 34| 3,5095304] 544,0285106
2033 1272119 29100) 151,3389129 362,1940882 0 1441058546 1 1441058546 TLA388176 8920046165  272,9036266 5458072532 5458072532 218 329013 35| 27,93995769] 571,9684682
2034 12941709 20514 63121346 316327957 0 1386991332 1 1,386991332 68,3065501 845834638 257,0493319| 5140986638  51,4098663| 2056394655 36| 24,81545507] 59,7839233
035] 13157516 215807 2413858919 37653635 0 1357385193 1 1,357385193 655307271 8146196420 2461916712 4923833425  49,23833425] 196953337 37| 22,41137218] 619,1952959
036 13374376 216860 136,5581741 32,6673279 0 1364008364 1 1,364008364 0 645334656 8053755759 242,1097703| 4842595407 4842595407 -6,29618372 3] -0,67557228] 6185197232
037 1BI61Y 174 1318270106 2547334605 0] 0,1098829%4 1 0,010983299) 050947692 1630348215 091703639 0,183407278]  0,183407278] 0733629112 39] 0,074226728
SUM | 6185197232
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GROUP |V — GULLFAKS VILLAGE 2010

12.4.3 Sensitivity Case: +30 % of Oil and Gas Production
EXPENDITURE
INCOME OPEX CAPEX
DATE FOPT  |voloilperyear]  oilprize  |Volgasperyear| Gasprize [oilincome  [Gasincome [Field /offshore |CO2-duty [Gas oil transportation  [Subsea/platform |Productionunit |Drilling  |abandon  |Cap Allowance] royalty | Fiscal allowance| Taxable income Tax Net tax cashflow | i NPV | cumNPV
(M3 fom3 (UsDyBB) 5m3 (centspergallon]|[MNOK)  [(VNOK)  [(vNOK)  iMNOK)  |imNK) (MNOK) (MNOK) (MNOK)  [(VINOK)  |(MNOK)  |(VINOK)  |[MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) ~ |(voK)
1999 37282600  23728,604 2139 45087848 110,8333333)  191,5426601 0 1492462678 1 1,49462678) 3500 1650 1030) 38,308532  1085,725621)  -894,1829614)  -178,8363923|  -1788365923] -4835,34637] 1] -4559,49681] -4556,49681]
2000[  429693,11)  192410,504) 3429 62183542, 1384 248,9918274) 0 121022566 1 1,21022566) 1030 49,7983655] 1094110848  -845,1190204)  -169,0238041]  -165,0238041] 3539047837 2| 314,6770624] -4244,81975)
2001| 70056386 270875,748 W03 103837010]  139,3333333| 2865378854 0 1703757197, 1 1,703757197] 1030] 57,3075771]  1107,048906] 8205110208  -164,1022042|  -164,1022042) 373 5911833 3] 313,2309011) -3931,58885
2002 1006112,90]  305544,044) 13 174349490| 1365 315,1390956) 0 1921814219 1 1921814219 1030 630278191 1115167776]  -800,0286799  -160,005736]  -160,005736| 389,9770561] 41308 3162145) -3623,27263
2003 1365766,48)  359653,58] 3247 231690460| 156 440,71263% 0 22621591 1] 226215291} 1030 88,142528) 1144006211  -703,3135707)  -140,6627141]  -140,6627141 467,3491435) 5| 348,4079745) -3274,86466
2004 1988089,35 62232287 097 24pA07810)  180,3333333]  1009,183045 0 391429309 1 391429309 01836609 458938329 T3 W17 1526578423 1526578423 610,63136%3 6] 429,2547148) -2845,609%4
2005 26207985 6339905 55 213079440 BI| 1320958968 0 3987680275 1 3987680275 64091794 3090562766 1011,902691  202,3805383)  202,3305383] 809,5221531 7] 536,6041511) -2309,00579
20060 3110090,10]  488010,25) 6236 247841245 200] 1148 481174, 0 30,69492127 1] 3,069492127) 209,69235] 2644606482 8840205259  176,8041052  176,8041052 707,2164207] 8] 442,0454789) -1866,96031
2007 35521285 44202275 66,06 132349455 3000 1111,984572 0 27,8035 1] 2,78023%454) 023%6914)  253,9795484)  858,0050235  171,6010047]  171,6010047] 686,4040188 9] 404,5607651) -1462,39955
2008 380471325 2506004, 9135 210171400 300 870,8260575 0] 1588008717 1 1,588308717 174165202 192,6421074]  678,1839501 135,63679 135,63679] 542,5471601 10/ 301,5301655 -1160,86938)
2009 380471325 [ 60) () 300) [ () () 1 () () 1] -1 -0, () -1 11] -0,52406191] -1161,39345)
2010[ 4019090,66] 21437741 400 -51295890) 300 539,3573369 0 1348393342 1] 1,348393342 107871467 1237037942 415,6535428)  83,13070856 8313070856 332,5228341) 12| 164,3211249] -997,072321]
011 415760740 73851674 41 TA040400 300 191379378 0 4645130549 1 4645130549 WLTSRT5T) 4348551929 1478.938592  2957877I8H  295,7877184] 1183150873 13]551,3169966| -445,755325)
2012 549880890] 7412015 4243 -235126510[ 300[ 197837361, 0 4662017178 1 4662017178 305,674720) 4479569109 1530416699  306,0833397]  306,0833397| 1224,333359) 14] 537,9603442] 92,20501%68
2013 617464770 675838 8] 437,0908] -219673000| 300 1858,028479) 0 42,50898163 1] 4250898163} 371,6056%| 4193655756  1438,662903)  287,7325807| 2877325807 1150930323 15| 476,8578534] 569,0628731]
004 67598760 5846399 450,20354) -197355000| 300 1655,521867 0 36772034 1 3671734 BLIME| 3554301 1282967475 2565934951 2565934951 1026,373%8 16| 400,991224| 970,0540973)
005 739573640 6364488, 463,7096297] 24858700[ 300] 1856,295734, 0 40,03142517 1 4,003142517) 4000 750) 950 371,259147  1366,293715] 4900020198  98,000403%5]  98,00040395) -3407,99838) 17] -1255,50354] -285, 449443
2016 8377436,60 981700, 477,6209186) 719654400| 300[ 2949169942, 0 6174708491 1] 6,174708491] 950 589,833988 1608755782 134041416  268,082832  268,082832) 2022331328 18] 702,524354] 417,012994
007 922798435 850547,75) 491, 9495460, 666976200| 300 2631824007 0 5349784399 1] 5,349784399 950 526,364801| 153,213 1095611577 2191223155 2191223155 182648926 19| 598,2935751 1015,366567)
018 986217830 6341939 506,7080326 528222200| 300 2021,238042 0] 3988959937, 1 3988959931 950 404,247608| 1399126168 621118741 144234 1244223748) 1447,689499 20] 447,1589907] 1462,525558)
2019] 10483326,10] 6211478, 521,9092735) 517110300| 300 2039048448, 0 39,06902122 1] 3906902122 950] 40780969 1401785613 6372628355 1274525671  127,455671) 1459810268 21] 4251794681 1887,705026)
2000 11094390] 6131138, 537,5665517] 508983800| 3000 2073,055406 0 38,56369783 1] 3,856369783] 414611081) 4580311489 1615,024257|  323,0048515]  323,0048515] 1292,019406 2| 354,8413591] 2242,546385)
2021] 11686060,10 5896202 553,6935483) 491506700 Bl 2053427608 0] 3708599484 1 3708599484 410685522 4504801159 1600.947492]  320,1894984] 3201894984 1280,7579%3 23] 331,6817678| 2574,228153)
200| 125100,60] 5651425 5703043547 486772700 Bl 202,263, 0 3554639383 1 3554639383} 405045064 4455462972 1581680023 316,3360045]  316,3360045] 1265,344018 24| 308,9957228] 2883,223876)
20| 127656000] 514398 3] 5874134854 47755470 231 1900,57516) 0 3235467968 1] 3235467968} 380111503 4167016508 1483855865 296771173 296,771173] 1187,084692) 25| 273,347359%)| 3156,571236)
04 1305379900 4881981 £05,03588%9 471223300 B1| 1857867775 0] 3070673667, 1 3070673667 371573555 406,3509654] 145150681 290303362 290,303362] 1161213448 26| 252,135828| 3408, 707064
2005| 13698295,00, 44449 623,1869666] 455548600 231 1742,303459) 0 27,95195728 1 1795795728 348,460692)  380,2144449)  1362,080014]  272,4178009]  272,4178029)] 1089,671211] 27 223,1039761] 363181104
2006 14113288,80] 4149938, 641,8825756] 447699000 1] 1675462743 0 26,10231473 1] 261032473 335,092549) 3648051057 1310657637 262,1315274]  262,1315274( 10485611 28] 202,4325797] 3834,243619)
2027] 1450032480 38703 £61,1390529 439238000| 1| 1609465804 0 243438320 1 2434383001 893161 349671376 1259794428 251,9588856)  251,9588856] 1007,83554 29 1834763777 4017,719997)
2008| 1487592600 3756012 680,9732245) 430394000| 31| 1608,772326) 0 2362460473 1 1362460473 01754465 3437415304 126003079  252,0061591  252,0061591 1008,024637] 30| 173,0417749] 4190,761772
2009 1523336,20 357310, 701,4024202) 390908000| 1 1576,341302, 0 24741354 1] 247413544 31526806 340,9898093| 1235351492 2470702984 247,0702984] 988,2811938 31] 159,974099] 4350,735871]
2030 15581068,10 3478319 720,4444939 5195000 B1| 1580561774 0 218779831 1 218779831 316,11235 ULIBID| 1239383654 478767308 247,8767308] 991,5069234 32] 151,3401708| 4502,076042]
2031 1591993520 338867, T44,117828]) 1586,020133] 0 213140993 1 1,131409935) 317,04027)  341,6495359)  1244370597) 2488741194 248 87411941 995494778 33| 143,2806436| 4645,356685)
2032 1623971050] 3197753 766,4413635) 1541,563539) 0 20,11326126 1] 2,011326126) 308312708 3314372951  1210,126243)  242,0252487|  242,0252487| 968,1009%48 34| 131,3886316] 4776,745317]
2033] 1653755350 297883 7894346045 1478907928 0 1873376109 1 1873376109 295781586 3173307228 1161519205 23303841 232,303841] 929215364 35) 118 9166954 4895,662012
2034 16824021,70] 2866682, 813,1176426) 1466,123259) 0 18,0308873) 1 1,803088732, 193,20465))  3140586279)  1150,064631 2304129262 2304129262 921651705 36| 111,2199276]  5006,88194|
2035 17104770,80] 280549, 1] 837 5111719 1477,872843] 0 17,64600751 1] 1,764600751] 295574569 3159851768)  1161,887666) 2323775332 2323775332 929,5101327] 37] 105,7692033] 5112651143
2036] 17336688,80) 281918 862,636507 1529,636433 0 17730813 1 1773210873 0 305927287 364306063 1203203827 2406407654 2406407654 7625630618 38| 81,822019] 5194473163
2037] 1738895990 2271,1| 8385156022 12,69225811) 0 014284789 1] 0014284789 253845162) 369584305 899667381 1799334762 1799334762 7,197339048| 39 0,728208461
oo 104473183
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IOR: GULLFAKS S@R STATFJORD

12.4.4 Sensitivity Case: -30 % of Oil and Gas Production
EXPENDITURE
INCOME OPEX CAPEX
DATE FOPT  |voloilperyear  oilprize  [Volgasperyear| Gasprize |oilincome  |Gasincome |Field / offshore [CO2- duty |Gas ol transf Subsea/platform [Productionunit [Drilling  |abandon  |Cap Allowance] royalty | Fiscal allowance | Taxable income Tax Nettax | cashflow | i NPV | cumNPV
(SM3) Sm3 UsD/BBL) Sm3 (cents per gallon]|(MNOK) (MNOK) | (MNOK) (MNOK) ~ |(MNOK) (MNOK) (MNOK) (MNOK) (MNOK) ~ |(MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) |(MNOK)
1999 17704933 177049, 3276 213 45087848 110,8333333|  142,9202926 0 1113606768 1 1,113606768] 3500 1650, 1030{ 28,5840585)  1071,833733|  -9289134404  -185,7826881)  -185,7826881 -4863,13075) 1] -4585,69614] -4585,6%14|
0000 320617,17] 143567 8376) 3429 62183542| 1384]  185,7862097) 0 9030145312 1] 0,903014531] 1030( 37,1572419  1078,090402  -892,3041921  -178,4608384]  -178 4608384 316,1566463) 2 281,1130262] -4304,58311
001 527319 202114%1) B0 103837010| 1393333333 213,801343 0| 1271264986 1 1,271264986) 1030 42,7602691)  1087,744184|  -§73,9428306] 1747885677 -174,7885677| 330,8457291 3 277,3917332] 40,1138
20000 75071501 227982,8636) 13 174349490| 1365 2351422483 0 1433969071 1] 1433969071 1030 47,0088497)  1093,802109]  -858,6598612]  -171,7319722  -171,7319722] 3430721111 4) 271,233124) -3755,95805,
2003 1019071,91)  268356,902) 24 231690460| 156 3288394313, 0 1687914133 1] 1687914133 1030{ 65,7678863) 1115334942  -786,4955104|  -157,2991021)  -157,2991021 4008035917 51 298,7983813| -3457,15987
2004] 14834205 464348,603) 4971 2464078100 180,3333333]  753,005810) 0 2920664844 1] 2,920664844| 150601162 1837284753  569.2773349]  113:855467]  113,855467) 455,4218679) 6| 320,1472997] -3137,01257
005 19647497 47305445 5521 213079440 BI 986386146) 0 2975420979 1 2975422979 197,003 08573756 154812389 150,9562478]  150,9562478) 6038249911 7] 400,2546336] -2736,75793
2006 232060569 364130725 6236 247841245 200] 856,9436453 0 22,903133% 1 2,90313356| 171388709 197582176]  €59,314693| 1318720939  131,8722939) 527 4891754 8| 329,707001 -2407,05093
2007 2650422,67  329816,979) 66,66 131349455 300 829,711565) 0 2074486362 1 2074486362, 165942313 189761663] 6399499022 1279899804  127,9899804) 511,9599217] 9| 301, 744879| -2105,30605
2008]  283390143| 18847876 9135 210171400 300| 649,770212)) 0 11,85495735 1 1,185495735 109954042 143994955 5057757166  101,1551433)  101,1551433] 4046205733 10] 224,8750291 -1880,43103
009 283890143 0 80 0| 300| 0 0 0) 1 0) 0 1 -1 )2 0 -1 11] -0,52406191] -1830,95509
2010 299885995 159958529 400 -51295890| 300| 400,4435514) 0| 1006108879 1 1,006108879 80,4887103  92,55590795 3098876435 6197752869 6197752869 247,9101148 12| 122,5084858] 1758, 4466|
2011]  3549907,06)  551047,106) 41 74040400| 300| 1427 984593 0 3465982022 1 3465982002, 285,596919] 3247227209 1103261872  220,6523745]  220,6523745) 882,6094979 13| 411,272669] -1347,173%3|
N 410095741 5530503 243 -235126510| 300| 1476171078 0 3478582048 1 3478582048 W95,30006| 3344986181 1416746  1B3MR|  208,334492) 913337978, 14] 401,3119498] -945,861983
NG| 6313 S 437,098 -219673000| 300| 1386,3750%) 0 3171824014 1 3171824014 W00 3131650833 1073200012 204,6420025) 2146420005 85856801 15] 355,7251818) -590,136801
004 S04346844) 43623131 450,035 -197355000| 300| 1235,274008 0 27438139 1 2,74381239), 247054802 2182367379 957,0372700(  19LA407ASA| 191407454 765,6298161] 16| 299,1218046| -291,01499%|
15|  5518357,16) 474888, 7)) 463,7096297) 24858700| 300| 1385,082202 0 298690186 1 2,986960186| 4000 750 950| 277,01644] 1260873002 1242091994 2484183987  24,84183987] -3700,632641 17] -1363,30974| -1654,3473
i6| 615085654 73249938 477610918 719654400| 300| 2000,5344%9 0 407829 1 4,6072849) 950 440,1068%9)  1441,787006|  758,7474886 1517494977 1517494977 1556,997991 18] 540,8737952] -1113,45094
007 688549600 63463947 491,9495462 666976200| 300| 1963,745605 0 3991762209 1 3991762209 950] 392,749121] 1387658509 0871 152074 1152074 1410,86%8 19 462,1512332] -651,299705
2018 7358700,27]  473206,255) 506,7080326| 528222200| 300| 1508,154539) 0 2976377199 1 2976377199, 950 301,630908|  1285,371064]  220,7834753| 4455669506  44,55669506] 112822678 20| 348,4840835| -302,815622)
009 7801409 4634718 5219092735, 517110300| 300| 1521, 44384 0 2915150045 1] 2,9151500451 950 304288768 1287355419  234,0884234  46,81768468|  46,81768468| 1137,270739 21| 331,2376808] 28,42205912)
W0 8513 TR 537,566551] 508983800| 300 1546,818269 0| 28774514 1 2877445144 309363653 0055495 LO4R0N7TIS| 240960543 240,960543) %63,8020721 20] 2647104716 2931325308
W) 81195969 439947,3%) 553,6935483 491506700| BY 153,17907 0| 2767185769 1 2767185769 6434581 3378736249 1194299280 238,8598565  238,8598565] 955,434259) 23] 247,4330353] 5405655661
00 9141819 42168325 570,3043547, 486772700| 1 1512622716 0 2652307849 1 2,652307848] 302524543 330,6999294) 1179922786 2359845572 235,9845572) 9439382289 24| 230,5087558) 7710743219
2003 9551002 38382027 5874134854 477554700| Bl 14181083 0] 241415686 1] 2,414156868] 28362166 311177385 1106930915  221,3861829]  221,3861829) 885,5447317] 25| 203,9124217| 974,9867436
04 9RBBI| 36427089 605,03588%9 471223300| B 1386,255184 0| 291197 1 2,291194%7 51037 30345418190 1082,801004  216,5602008]  216,5602008] 866,2408034] 26| 188,0880235) 1163 074767
005 102103550 3316624 £23,186%666 455548600| B1 1300026427 0| 2086093736 1 208609373 0005285 283953165 1016074111 203,2148221]  203,214821) 8128592886 77] 166,428311] 1329,503078
2006] 1053068472 309649, 641,8825756) 447699000| Bl 12501597 0 1947634999 1] 1947634999 250030594 2724545789 9776983907 1955396781  195,5396781) 782,1587125) 28] 151,0066411] 1480,509719)
2007 1081947312 2887884 661,1390529) 439238000| Bl 12009091 0 1816424389 1] 1816424389 2018182 261,1624883) 9397466117  187,9493223]  187,9493223) 751,79728%4) 29| 136,8646348] 1617,374354|
008 1109972940 280256,28) 680973245 430394000| 211200391659 0| 17675893 1 1,7627589%63) 0078332 2604636804 9399229783 187,9845957  187,9845957) 7519383827 30] 129,0809248] 1746,455279
2009 11366337,78]  266608,38] 01402420, 390908000| 1 1176,193125) 0] 16769162 1 1,67691626| 235238605 2546847039 9215084211 1843016342  184,3016842) 737,2067369) 31| 119,332417 1865,7876%
2030 1162587389 25953611 720, 4444939 5195000, B 117934247 0 1634330 1] 163243302 235,868449)  2548052126)  94,5170343| 1849034069  184,9034069) 739,6136274] 32| 112,8920536| 1978679749
2031 1187872088 25284699 44,117828]) 1183415022 0 1590359721 1] 1590359721 236683004 255176%14]  928,230061) 1856476120  185,6476122] 7425904488 3] 106,8801747) 2085,559924|
03 DUBBRA| 2386057 7o, 4413639 1150,243563 0| 1500758725 1 1500758725 BOMMSTI| 47557087 026865048 180537301 180,537301) 722,1492038)  34) 98,00857161] 2183,5684%
2033 1233955915 222367 789, 43460451 1103,492838) 0 1397806789 1] 1397826789 20698568 237,0746624 8664181761 1732836352  173,2836352) 693,1345409) 35 8,70416083| 2272,27265
2034] 1255345773 21389859 8131176426, 1093,953509) 0 134538159 1] 1,345381592 879070 234,5898993) 8593636094  17L8727219]  171,8727219) 6874908875 36| 82,96267054 2355,135327
03| 06279057 0933079 8375111719 1102,720506 0 1316663637 1 1,316663637) 0544101 2360074011 8666931045 1733306209 173,3386200) 6333544836 37] 78,89698%4 2434, 131317
036 197314470 21034, 862,636507 1141,344108 0 1323088113 1 1,323088113 ) 1826322 3809 97513172 1795042634 179,5042634) SI80170538]  38] 5558255279 2489714869
2037) 1297483931 169459 8885156022, 9470377209 0 0,106586504 1] 0,01065865) I 180407544 3011320597| 6459056612 129181132 1291811322 5,16724529 39| 0,522808737,
SUM | 2489,714869)
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GROUP |V — GULLFAKS VILLAGE 2010

1

2.4.5

Sensitivity Case: +40 % of Investment Cost

EXPENDITURE
INCOME OPEX CAPEX
DATE FOPT |vol oil peryear|  oil prize ~ [Vol gasperyear| ~ Gasprize |oilincome |Gasincome Field/offshore|C02-duty (Gas oil transportation Subsea/p\atform|Producﬂonum’t Drilling  |abandon  |Cap Allowance| royalty |Fiscal allowance| Taxable income Tax Net tax cash flow i NPV | cumNPV
(SM3)  |Sm3 (UsD/8BL) sm3 (cents per gallon)|(MNOK) |(MNOK)  |(MNOK) (MNOK)  |(MNOK) (MNOK) |1MNOK) (MNOK)  |(MNOK)  |(MNOK) |(MNOK) |(MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) |(MNOK]
19| 182525,08)  182525,08 21,39 45087848 110,8333333  147,3405079 0 1148048214 1] 1148048214 4900) 2310 1442 294681016 1485006632  -1337,756124  -267,5512248)  -267,5512248] -6333 2049 1] -6448,09514] -6448,09514)
2000 330533,16| 14800808 34,2 62183542 1384] 191,5321749 0 9309428157, 1 0,930942816 1442] 33306435 1491546806  -1300,014631)  -260,0029262)  -260,0029262| 4019882952, 2| 357,4308732) -6090,66427]
2001) 538899,12  208365,% 803 103837010 1393333333 20413758 0 131058459 1 1,310582459) 1442) 440827516 1501,499159|  -1281,085401)  -256,2170801)  -256,2170801) 417,131679%| 3] 349,7366578) -5740,92761
2002| 773933000 235033,88) 27,33 174349490| 136,5  242,4146889) 0 147831863 1] 147831863 1442| 484829378|  1507,744443|  -1265329754  -253,0659508]  -253,0659508] 429,736197] 41 339,7498274| -5401,17778]
2003) 10508960 27665%,6 347 231690460| 156 339,009723 0 174011766 1 1,740117662, 1442] 678019446 1529943239  -1190,9335%6)  -238,1867032]  -238,1867032] 489,2531873) 5| 364,7374012) -5036,44038
2004 15292995 4787099 2971 246407810| 180,3333333|  776,2946497] 0 3010994685 1 3010994685 15525893 189,3798715]  586,9147782 1173829556  117,3829556| 469,5318226 6] 330,0861556] -4706,37423
2005] 20163845 487685) 5521 21307940 31| 1016,122083 0 3067446366 1 3067446366 203204457 2379663666)  778,1559164] 1556311833 155,6311833] 622547331 7] 412,6500488) -4293,72418
2006] 2392377 375392,5| 62,36 247841245 200] 883447057, 0 3614779 1] 2,36114779) 176,689411)  203,6620371] 6797850199 135,957004) 135,957004| 543,8280159 8] 339,9195899] -3953,80459)
2007) 303%,5 3400175 66,660 132349455 300 855,3727474 0 21,3864573 1 2,138645734| 17007455 1955996526] 659773095 131954619 131954619 527818476 9] 311,0917778) -3642,71281
2008] 29267025 194308 91,35 210171400 3000 669,8661981 0 1222160551, 1 1,202160551, 13397304 MBALT0057)  521,4491924)  104,2898385  104,2898385] 417,1593539 10] 231,8436779] -3410,86913
2009) 29267025 0 60) 0| 30 () 0 () 1 () 0 1 B -0 [ - 11f -0,52406191]  -3411,393))
2010 3091608,2f 1649057 40) -51295890| 300 414,8902592 0] 10,37225648) 1 1,03725648) 82,9780518)  95,387533%]  319,5027252 6390054504  63,90054504] 255,6021802 12] 126,3096348| -3285,08356)
011 365%%| 5680898 i 74040400| 3000 1472, 149065 0 357317738 1 357171343 04,429813) 3347347638 1137414300 2074828603  227,4828603] 909,9314411 13] 4240039715 -2861,07959)
012 4229853 570155 424,36 -235126510| 300 1521,825854) 0 358616706 1 358616706 304365070) 3448130084 1177012845 235400569 235,402569] 941,6102761 14] 4137345311 -2447,34508)
013 474979 519876) 437,098 -219673000| 3000 1429,252676 0 3269921664 1 3,269921664 285850535 322,819735 1106433003 221,2866005]  221,2866005] 885,1464021 15) 366,7372428 -2080,60782
2014 519945 4973 450,203524 -197355000| 300 1273,4783% 0 2828672569 1 2,828672569 254695672 28681107 986,6672888]  197,3334578)  197,3334578) 7893338311 16| 308,382661{ -1772,22515
2015 5689028 489576) 463,7096297] 24858700| 3000 1427,9197% 0 30793403% 1 3079340398 5600 1050 1330] 285,583959| 1650456703  -222,5369079)  -44,50738158]  -44,50738158] -5498,02953) 17 -2005,46913] -3797,69429)
2016 6444182 755154 4776209186 719654400| 3000 2268592263 0 4749775763 1 4749775763 1330] 453,718453  1836,965986 431662769  86,32505539)  86,32525539) 1675,301022) 18] 581,970193] -3215,72409)
2017) 7098495 6542675 491,9495462 666976200| 300 2024,480005 0 4115218768 1 4115218768 1330] 404896001 1781,163408| 2433165979 4866331958  48,66331958) 1524,653278) 19] 499,4227339] -2716,30134)
2018 7586291 4878415 506,7080326) 528222200| 300 1554,798494 0 306843072 1 3068430721 1330] 310959699 1675702437 -120913943)  -24,18078%6]  -24,1827886] 1233,268846) 20 380,9292342| -233,371213
2019 8064097 477806) 521,9092735) 517110300| 300 1568498807 0 3005309325 1 3005309325 1330] 313699761 1677,758164  -109,2593573)  -21,85187147)  -21,85187147) 1242,592514) 21 361,9133497] -1973 45878
2000 8535723 47162 5375665517 508983800| 300 1594658005 0 2966438294 1 2966438294 318,931600)  350,5624222)  1242,005583) 484191165  248,4191165] 993 6764661 20| 272,9041887] -1700,55459
2021 8989277 453554 5536935483 491506700| 1| 1579559698 0 2852768834 1 2,852768834 31501194 3482923968 1231,267301)  246,2534603)  246,2534603) 985,0138411] 23| 255,092011] -1445,46258
2022 9424002 B34S 570,3043547, 486772700| 1| 1559,404861 0 27,3433798]] 1 27343379811 311,080972)  342,9586901) 121646171 24389343 243,2892343| 973,156%37 24| 237,6439346| -1207,81864)
023 9819693 395691, 5874134854 477554700| Bl 14619732 0 24,8885 1 2488821514 292,393464) 320,7705006| 1141,196819] 2282393638 2282393638 912,9574553 25[ 210,2246888] -997,593954|
2024) 10195230 375537, 6050358899 471223300| B1| 1429129058 0 2362056667 1 2,362056667 28582581 312,8084349| 1116320623 2232641246 223,2641246) 893,0564983) 26[ 193,9105512] -803,683403)
2025| 10537150 341920 623,1869666| 455548600| Bl 134023383 0 21,50612099) 1 2,150612099) 268,046686| 292,7034191| 1047,530011f  209,5060022]  209,5060022| 838,0240088) 27] 171,5806442] -632,102759)
2026 10856376 319226, 641,8825756) 447699000| 31| 1288,817494 0 2007871133 1 2007871133 257763499 280,8500813| 1007967413 201,5934826  201,5934826) 8063739304 28] 155,6817264| -476,42103))
2027 1115409 17700, 661,1390529 439238000| 31| 1238,050619 0 187260463 1 1,872602463 U7610124 269,2087508| 968,8418678)  193,7683736]  193,7683736| 775,0734942 29| 141,1020659] -335,318%66)
2028| 11443020 283924 £80,9732245 430394000| B 1237507174 0 181727728 1 1817277281 7503435 268.493349) 969023689 1938047378  193,8047378| 775,2189512 30[ 133,0773657]  -200,2416)
2009 11717874 274854 701,402421)) 390908000| B 12125103 0 17,8779 1 1,728771949) UD504006 2605306225 950,0396004]  190,0079219)  190,0079219] 760,0316875 31] 123,0271153] -79,2144851]
2030] 11985437 267563 720,4444939) 5195000 B1| 1215816749 0 1682920639 jl 1,682920639) 316335 2606754769 953,1412725) 1906282545 190,6282545) 762513018 32| 116,387337] 37,17285184)
2031] 1246104 260667 7441178281 1220015487, 0 1639546104 1 1,639546104) 4003097 263,0381045)  956,9773825] 1913954765  191,3954765] 765581906 3] 110,1893082  147,36216)
2032| 12492085 24591 766,4413635 1185,818107 0 1547173943 1 1547173983 B7,163621)  255,1805347| 9306355719  186,1271144]  186,1271144] 7445084575 341 101,0431225| 2484052826
2033 1272119 29110 789,4346045 1137,621483) 0 1441058546 1 1,441058546) 0T5409T)  2443759406) 8932455424 1786491085  1786491085] 714,5964339 35| 91,45075488] 339,8560374)
2034 12941709 20514 8131176426 1127,78712) 0 138699133 1] 1,386991332) 5557404 2418143090 8859727932 177,1945586  177,1945586] 708,7782346 36| 85,5315121] 425,3875495)
2035 13157516 215807, 8375111719 1136,825264) 0 1357385193 1] 1,357385193, 227365053 243,2962898| 893,5289738)  178,7057948  178,7057948] 714823179 37| 81,33991815| 5067274677,
2036 13374376 216860 862636507 1176,64341 0 1364008364 1 1,364008364) 280 135,3868)) 251,3327741| 9253106363 185,0621273  185,0621273] 460,248509 38| 49,33406344| 556,111531]
2037 1337613 1747 888,5156022) 9763275473 0 010988299 1 0,010988299 1,95265509 3,073526388| 6,689749085) 1337949817  1,337949817] 5351799268 39| 0,541481439)
SUM | 556,1115311
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IOR: GULLFAKS S@R STATFJORD

12.4.6 Sensitivity Case: -40 % of Investment Cost
EXPENDITURE
INCOME OPEX CAPEX
DATE FOPT |voloil peryear|  oilprize  [Volgasperyear|  Gasprize |oilincome  [Gasincome |Field / offshore |C02-duty |Gas ol transportation ~|Subsea/platform |Production unit |Drilling ~ [abandon  |Cap Allowance] royalty |Fiscal allowance| Taxable income Tax Nettax | cashflow | i NPV | amNPV
(SM3)  [sm3 (UsDyBBL) 5m3 (centspergallon){(VNOK)  |(MNOK)  |(MNOK)  |(MNOK) |(MNOK) (MNOK) (MNOK) (MNOK)  |(MNOK)  [(MNOK) |[MNOK)  |(MNOK) (MNOK) (MNOK) (MNOK) MNOK) (MNOK) ~ |[MNOK)
1999| 182525,08]  182525,08] 2139 45087848 110,8333333)  147,3405078] 0 11,48048014) ) 1148048214 20 990 618 294681016  661,096319|  -513, 7561241  -102,7512248)  -102,7512248) -2883,0049) 1) -2718,53362] -2718,5336),
2000] 330533, 16] 148008,08| 3429 6218354)] 1384] 191,5321749) 0 9309428157 1 0,930942816) 618‘ 38306435 667546806 -476,0146311) 9520092621  -95,20292621 237,1882952 2) 210,8977313] -2507,63583]
2001{ 5388%9,12 208365,96| W03 103837010 1393333333 220413758 0 1310582459 1 1,310582459 618] 44,08275%6) 6774991587 -457,0854006] 9141708003  -91,41708013] 252,33167% 3] 211,5630209) -2296,07286)
2002 TR0 303388 U3 1730090 1365 242,41468%9) 0 147831863 1 147831863 618] 484829378 683, 7444427 4413097538 -8, 26595076 -88,26505076| 264936197 4) 204587978 -2086,61407]
2003) 1050589,6] 276656, 471 231690460) 156 339,009723 0 1740117662 ) 174011766, 618] 67,8019446] 7059432389  -366,9335159|  -73,38670318)  -73,38670318) 3244531873 5| 241,8792875| -1844,73478]
2004 15292995 4787099 4971 246407810(  180,3333333]  776,2946497] 0| 30,10994685 1] 3,010994685) 155,25893) 1893798715 5869147782 1173829556  117,3829556| 4695318226 6] 330,0661556| -1514,66862)
2005| 20169845 7685) 552 21307940 BI 1016122083 0] 306746366 1 3067446366 320457 237963666 7781559164 1556311833 155,6311833) 622,5247331 7] 412,6500488] -1102,01857]
20000 893771 375395 6236 247841245 200 883447057 0 236114719 ) 236114779 176680411 2036620371 6797850199 135957004 135,957004( 5438280159 8] 339,9195899) -762,098984|
2007) 27303945 3400175 66,66  132349455] 300]  855,3727476) 0] 21,38645734) 1 2138645734 17107455 1955996526  659,773095 131954619  131,954619| 527818476 9 311,0917778] -451,007206]
2008] 29267025 194308 9135 210171400 300| 669,8661981] 0 12,2216051] 1] 1,22160551] 133.97304]  1U8AL70057] 5214491924 104,2898385  104,2898385) 417,1593539) 10| 231,3436779] -219,163528
2009] 29267025 0 60 () 300| 0 0 0 1 () 0 1 B 02 0 B 11] 052406191 -219,68759)
2010 30916082, 164905, 400 -512958%0) 300| 414,890259) 0 103725648, ) 1037225648 829780518 95,387533%| 3195027252 6390054504 63,90054504 255,6021802 12| 126,3096348) -93,3779552
2011 3659698 568089, 41) TAOA0400) 300| 1472,149065) 0 3573177383 ) 3573177343, 294429813 3347347638 1137414301 2074808603  227,4828603| 9099314411 13| 424,0039715) 330,6260163
00| 42983 570155) 2436 235126510 300| 1521,825854 0 35861670 1 358616706 304365070 348130084 1177010845 235400569 235,402569) 941L,610276 14) 4137345311 744360547
N8| 474979 519876) 437,098 -Z19673000| 300| 1429,252674 0 3069921664 1 3,269921664 5850535 32819735 1106433003 221,2866005)  221,2866005] 885, 1464021 15| 366,7372428|  1111,09779
2014] 5199452, 44973 450,203524 -197355000[ 300| 1273 478359 0 2828672569 ) 2,828672569) 154695672 286,81107)  986,6672888)  197,3334578)  197,3334578) 7893338311 16| 308,382661] 1419,480451
2015 5689028] 489576) 463,7096297) 24858700| 300| 1427,91979%| 0 3079340398 1] 3,07934039% 2400 450 570| 285583959 8904567035  537,4630921] 1074926184 1074926184 -1850,02953 17] -681,549214) 737931373
016 644418, 755154 477,6209186) 719654400| 300| 268 5963 0 4749775763 1 4749775763 5700 453, 718453 1076,965986) 1191626277 2383050554 238,3052554] 1523301022 18] 529,163059| 1267,09929%)
007 7098495 6542675 4919495462 666976200 300| 2024480009 0 4115218768 1 411518768 570 40489001 1021163408 1003316598  200,66331%|  200,6633196) 1372,653278 19) 449,6328855| 1716,73218))
2018 7586291 4878415 506,7080326] 528222200 300| 1554,798494) 0 3063430721 ) 3,068430724] 570 310959699 9157124367 639,086057| 1278172114  127,8172114) 1081,268846] 20| 333,979825( 2050,712007]
2019) 8064097 477806) 5219092735 517110300 300| 1568 498307 0 3005309325, 1 3,005309325) 570 313699761 9177581639  650,7406427|  130,1481285  130,1481285) 1090,592514| 21 317,6423369| 2368,354344|
00 853573 47162 537,5665517) 508983300 300 1594,65800 0 29664389 1 2,96438294 38360 325624220 1240,005583 2484191065 248,4191165) 993 67666 2] 272,9041887] 2641,25853)
01| 889277, 453554 553,6935483 491506700| BI| 15795599 0 2850768834 1 2852768834 30590104 34829398 131267301 262534603 246,2534603] 985,0138411 3] 255,092011] 289350543
2022] 9424002, 434705 570,3043547] 486772700| 231 1559,404861 0 273433797 ) 2,73433798]] 311880972 3429586901  1216446171) 243289343 243,892343| 973156937 241 237,6439346| 3133994478
2003 9819693] 395691 587,4134854] 477554700| B1|  1461,9%732 0 2488821514 1 2488821514 292393464 3207705006  1141,196819] 2282393638  228,2393638| 912,9574553 25, 210,2246888] 3344,219167]
04| 10195230 375537 05,03588%9 4712B300| BI 142919058 0] 236205667 1 2,36056667 85805812 3128084349 1116320623 223 2641246)  223,2641246] 8930564983 26| 193,910512] 3538,129718
2005| 10537150 341920 623,1869666 455548600| B 1340138 0 21,50612099 1 2,150612099 263046686 2927034191 1047530001 209,5060022)  209,5060022] 838,0240088 27] 171,5806442] 3709710362
2026] 10856376] 319226 641,8825756) 447699000| 31| 1288 817494 0 2007871133 ) 2007871133, 157,763499) 2808500813 1007967413  201,5934826| 2015934826 806,3739304 28] 155,6817264( 3865,39208)
2027 1115409] 97700, 661,1390529) 439238000| 1] 1238,050619) 0 1872602463 1] 1872602463, 247,610124) 2692087508 968,8418678]  193,7683736|  193,7683736| 775,0734942 29) 141,1020659| 4006,494155)
2008| 11443020, 28894 680,9732249 430394000| B 1375014 0 18172778, 1 1817277287 7503435 2684934049 969,023689  193.8047378)  193,8047378) 775, 2189512 30| 133,0773657] 413957152
2009) 11717874 274854 701,400421) 390908000| BI| 121257003 0 17,28779649 ) 172877949 24250404 262530625 9500396094 1900079219  190,0079219) 760,0316875 31 123,0271153| 4262,598636|
2030] 11985437 267563] 720,4444939) 5195000) B 1215816749 0 1682920639 1 1682920639 24316335 2606754769 9531412725 1906282545 190,6282545| 762513018 32| 116,387337] 4378985973
2031 12246104 260667 T44,117828]] 1220,015487] 0 1639546104 1] 1639546104 4003097 2630381045 956,9773825) 1913954765  191,3954765| 765,581906) 3] 110,1893082) 4489,175281
2032| 12492085 25981 766,4413639 1185,818107] 0 1547173983 1] 1547173943 237163621 2551825347  930,6355719) 1861271144 186,1271144] 744,5084575) 34 101,0431225) 4590,218403
2033 12721195] 29110 7894346045 1137,621483, 0| 1441058546 ) 1,441058546| 2075091 43759406  893,2455424]  178,6491085  178,6491085( 714,5964339 35 91,45075488] 4681,669158]
2034] 12941709 20514 8131176426 127,781, 0 1386991332 1] 1,38699133)) 25557424) 2418143091 8859727932 1771945586 1771945586 708,7782346 36| 85,5315121( 4767,2007]
2035 BI57516) 215307 8375111719 1136,825264 0 135738519 1 1,357385193 W1365053) 43296808 8935089738 1787057948)  178,7057948] 71483179 371 81,33991815| 4848540588
2036| 13374376 216860 862,636507] 117664341 0] 1364008364 1 1,364008364 120 13530868 513307741 953108363 185,0620273)  185,0621273] 620,248509 38] 66,55185431] 4915,092443
2037| 1337613 1747 8885156022 9763275473 0 0109882994 1 0,010983299) 195265509 3073526388 6,680749085  1,337949817)  1,337949817) 5351799268 391 0,541481439
SUM | 4915,092443)
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GROUP |V — GULLFAKS VILLAGE 2010

12.5

Base Case: ICD Case

EXPENDITURE
INCOME OPEX CAPEX
DATE FOPT |voloilperyearl  oilprize  |Volgasperyear| Gasprize |oilincome  [Gasincome |Field / offshore [CO2-duty |Gasoil transportation  |Subsea/platform [Production unit |Drilling  |abandon  |Cap Allowance| royalty |Fiscal allowance | Taxable income Tax Nettax | cashflow | i NPV | cum NPV
(SM3)  [Sm3 (UsD/BBL) Sm3 (cents per gallon)|(MNOK) (MNOK)  |(MNOK) (MNOK) ~ |(MNOK) (MINOK) (MINOK) (MNOK)  |(MNOK) | (MNOK) (MNOK) ~ |(MNOK) (MNOK) (MINOK) (MNOK) (MINOK) (MNOK)  |(MNOK)
1999| 182525,08)  182525,08] 21,39 45087848) 1108333333 147,3405078 0 1148048214 1 1,148048214) 3500) 1650) 1030[ 29,4681016{  1073,096632  -925,7561241)  -185,1512248)  -185,1512248] -4860,6049) 1] -4583,31438) -4583,31438)
2000{ 330533,16 148008,08| 3429 62183542, 1384] 191,5321749 0 9300428157 1] 0,930942816 1030 38306435 1079546806 -883,0146311)  -177,6029262 -177,602926] 319,5882952, 2] 284,1643022] -4299,15008]
2001{ 538899,12) 208365,96| 2803 1038370100 1393333333 200413758 0 131058459 1 1,310582459) 1030 44,0827516) 1089499159  -869,0854006]  -173,8170801]  -173,8170801] 334,7316795| 3] 280,6498394] -4018,50024]
2002 773933000 23503383 PIES) 174349490‘ 136,5| 242, 4146889 0 147831863 1 147831863 1030[ 484829378 1005744443  -853,3297538  -170,6659508)  -170,6659508| 347,336197] 41 274,6043126| -3743,89593)
2003| 1050589,6]  276656,6) 3247 231690460‘ 156 339,009723 0 1740117662, 1 1740117662, 1030[ 67801946 1117,943239|  -778,9335159)  -155,7867032]  -155,786703| 406,8531873] 5| 303,3083443] -3440,58758]
2004 15292995 4787099 497 246407810 180,3333333]  776,2946497) 0 3010994685 1] 3,010994685) 15525893 1893798715  586,9147782|  117,3829556]  117,3829556| 469,5318226) 6] 330,0661556| -3110,52143,
2005| 20169845 187685 5501 213079440 21| 1016,12083) 0 30,67446366) 1] 3,067446366) 203204457 2379663666 7781559164 1556311833 1556311833 622,547331 7] 412,6500488] -2697 87138
2006 239377 3753925 6236 247841245 2001 883447057, 0 23614779 1 236114779 176680411 203,6620371) 6797850199 135957004 135957004] 543,8280159) 8] 339,9195899) -2357,95179)
2007 27313%,5 3400175 66,66 132349455 300]  855,3727476) 0 21,38645734) 1 2,138645734) 17007455 1955996526]  659,773005| 131954619 131954619 527818476) 9] 311,0917778] -2046,86001]
2008] 29267025 194308 9135 210171400 300‘ 669,8661981] 0 12,22160551] 1 1,22160551] 1339734 1484170057 5214491924  104,2898385)  104,2898385| 417,1593539) 10| 231,8436779) -1815,01633
2009 29267025 0 60 0‘ 300‘ 0 0 0 1 0 0 1] -1 -0, 0 -1 11] -0,52406191] -1815,54039)
2010] 30916082 164905, 400 -51295890‘ 300‘ 414,8902592 0 103725648 1 1,037225648| 82,9780518]  95,387533%| 3195027252  63,90054504]  63,90054504 255,6021802 12| 126,3096348) -1689,23076|
2011 3659698 568089,9 1) 74040400‘ 300‘ 1472,149065) 0 3573177383 1] 3573177343 294429813 3347347633 1137414301 2074818603  227,4828603| 9099314411 13| 424,0039715) -1265,22679)
2012] 409853 570155 424.36) -235126510‘ 300‘ 1521,825854| 0 358616706 1] 3,58616706) 304365071 3448130084 1177012845 23540569  235,402569| 941,6102761 14] 413,7345311) -851,492255
013 4749729 519876) 437,0008|  -2196730001 300‘ 1429,252676) 0] 32,69921664 1] 3,269921664| 285850535 322819735 1106433003 2212866005  221,2866005| 8851464021 15| 366,7372428) -484,755012
2004] 5199452 4973 450,03524  -197355000) 300‘ 1273 478359 0] 2828672569 1] 2,828672569| 25469567 286,81107|  986,6672888  197,3334578)  197,3334578) 789,3338311] 16 308,382661) -176,372352
15| 56979145 498462,5) 463,7096297 24858700) 300‘ 1453,838569) 0] 31,35234801 1] 3135234801 4000 750 90| 290767714] 127625597 1775832722 3551665443  35,51665443) -3657,93338) 17| -1347,57937) -1523,95172
2016] 6480866] 7829515 4776209186 719654400 300‘ 2352,099989) 0 494616777 1] 4,94616771) 950] 470419998 1475590782  876,5092067|  175,3018413|  175,3018413) 1651,207365) 18] 573,6004796] -950,351241)
2017] 7163098] 63223)) 491,9495462 666976200 300‘ 2111,009706) 0 49111018, ) 4,29111018) 950] 422,201941) 1420404153 6906055531  138,1211106|  138,1211106] 1502,48444)) 19| 492,1610038) -458,190237]
2018] 76822295 5191319 506,7080326) 528222200‘ 300‘ 1654522779 0 32,652389 ) 3,2652389) 950] 330,904556] 1317822184  336,7005952f 6734011903  67,34011903) 1219,360476) 20| 376,6332491] -81,5569878]
2019] 81922075 509978 521,9092735) 517110300‘ 300‘ 1674110171 0 3207665117 1 3,207665117] 950] 334822034 132110635 353003805  70,6007641f  70,6007641) 1232,403056) 21] 358,9456023] 277,3886149)
2000] 8696013 503805, 537,5665517) 508983800‘ 300 1703,463069) 0 31,6884126) 1] 316884126 340,692614] 3765498677 1326913201 2653826403 265,3826403] 1061,530561] 22 291,5396977| 5689283122
2001 9176470) 430457 553,6935483) 491506700‘ Bl 1673,25283) 0 3021983613 1 3,021983613, 334650566  368,8023857|  1304,360444]  260,8720888)  260,8720888] 1043,488355) 23] 270,2353326| 839,1636448)
2002]  9614766) 433296) 570,3043547) 486772700‘ B1) 1572, 214419 0 2756798901 1 2756798901, 314442884 345,7676716] 1226446747 245,2893494)  245,2893494] 981,1573976) 24| 239,597639| 1078,761284|
203 10016939 40173 5874134854 477554700 1] 1485 916493) 0 2529592067, 1] 2529592067 297183299 326,0088113] 1159907681  231,9815363]  231,9815363] 927,9261451] 25| 213,6714958(  1292,43278)
2004 10394906) 3779 605,0358899) 471223300 21| 1438376572, 0 2377340907, 1 2377340907 287675314 3148260643 1123,550507|  224,7101015)  224,7101015] 898,8404059) 26| 195,1664187| 1487,599198]
2005 107426%) 347784 623,1869666) 455548600 21| 1363,218716) 0 2187495549 1] 2,187495549) 0643743 2977061942  1065512522)  213,1025043)  213,1025043] 852, 4100172 27) 174,5260975 1662,12529]
2026 11069757} 327067 6418825756 447699000 Bl 13047412 0 2057189539 1] 2,057189539) 264094824 2877239089 1032,750211  206,5500422  206,5500422] 826,2001689) 28] 159,5094581] 1821,634754|
2007 11379174 309417 661,1390529) 439238000 1] 1286,691886) 0 1946174379 1] 1946174379 257338377 2797462953 1006,94559|  201,3891181  201,3891181) 805,5564724) 29) 146,6514896| 1968,286243]
2008 11675520 296346) 680,9732245) 430394000[ 21 1269,30703) 0 1863960263 1] 1863960263, 53861406 275364969  993,9420614] 1987884123  1987884123| 795,1536491] 30 136,4994404( 2104,785684|
2009 11950347 274821 7014024212 390908000[ Bl 1212451116 0 17,28609825) 1] 1,728609825) WA003 2605049313 949946185  189,980237] 189989237 759,956948] 31 123,0150172{ 2227,800701]
2030] 12213791 26344 720,4444939) 51950001 1] 1197,099852, 0 1657012909 1] 1,657012909) 23941997) 2586471124 9384527397 1876905479 187,6905479| 750,7621917 32) 114,5937317] 2342,39433]
2031] 12465869 25078 7441178287 1179815872 0 15852919 1] 1,585522919) 23593174 2544039265 9254119456  185,0823891)  185,0823891] 740,3295565) 331 106,5547671{ 248,949
2032 12708213 434 766,4413639) 1168,284962) 0 1524297901 1] 1524297901 23365699 2514242693 9168606927  183,3721385) 1833721385 733 4885541 341 99,54752439| 2548, 496724
2033 12938343 20130 789,4346045) 1142,686183) 0 1447474153 1] 1447874153, N8S3T3]|  MUSAS94527) 8972067324 179,4453465)  179,4453465| 717,7813859) 35 91,85835035( 2640,355074]
2034 13163144 24801 8131176426 1149712367, 0 1413955751 1 1413955751} N9UT  264959867| 9032163803  180,6432761)  180,6432761 7225731043 36| 87,19620213) 2727,551277]
2035| 13379649 216509 8375111719 1140,502179 0 1361775481 1 1361775481 08100436 244079966| 8964222127 1792844425 179,2844425| 7171377702 37] 81,60329609) 2809,154573
2036 13588541 20889, 862,636507] 1133410473 0 1313391151 1 1313891151 200 206,6820%|  242,1348974] 8912755761  178,2551152  1782551152] 513,0204609) 38| 55,0464249| 2864,200998]
2037 13590219 1678 8385156022 9377662418 0 0,105543025, 1] 0,01055430) 187553248 2,991629811)  6,386032607| 1277206521  1,277206521) 5108826086 391 0,516398031)
SUM | 2864,20099%
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IOR: GULLFAKS S@R STATFJORD

12.6

Sensitivity Case: ICD Case

12.6.1 Sensitivity Case: +5% of Oil and Gas Price

EXPENDITURE
INCOME OPEX CAPEX
DATE FOPT |voloilperyearl  oilprize  |Volgasperyear| Gasprize |oilincome  |Gasincome |[Field /offshore [CO2-duty |Gas ol transportation  [Subsea/platform |Production unit |Drilling ‘abandon (Cap Allowance| royalty |Fiscal allowance| Taxable income Tax Net tax cashflow | i NPV | amNPV
(SM3) [sm3 UsD/BBL) 5m3 (cents per gallon)|(MNOK)  [(MNOK]  |(MNOK) (MNOK) |(MNOK) (MNOK) (MNOK) (MNOK)  |(MNOK)  |(MNOK) |[MNOK) |(MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK)  |(MNOK)
1999) 182525,08]  182525,08 21,39 45087848 110,8333333|  147,3405078) 0 1148048214 1] 1, 148048214 3500) 1650 1030| 29,4681016] 1073096632  -925,7561241]  -185,1512248)  -185,1512248| -4860,6049 1) -4583,31438] -4583,31439)
2000[ 330533,16) 148008,08\ LYE) 62183542 1384) 1915321749 0 9,309428157, 1 0,930942816) 1030 38306435 1079,546806| -8880146311 -177,6029262) -177,6029262| 319,5882952) 2| 284,1643022) -4299,15008]
2001| 538899.12) 208365,96‘ 03 103837000] 1393333333 220413758 0 1310582459 1 1,310582459 1030] 44,0827516] 1089499159  -869,0854006]  -173,8170801  -173,8170801] 334,7316795) 3] 280,6498394) -4018,50024]
2002| TR0 23503389 3 174349490| 1365 242,41463%9 0 147831863 1 1,47831863 1030] 484829378 1095, 744443 8533297538  -170,6659508]  -170,6659508] 347,336197) 4) 274,6043126| -3743,8%593)
2003 1050589,6) 2766566 3247 231690460| 156 339,009723 0 1740117662 1] 1, 740117662, 1030| 67,8019446] 1117943239  -778.9335159]  -155,7867032]  -155,7867032) 406,8531873 5| 303,3083443] -3440,58758)
2004] 15292995 4787099 DIl Ue0T8I0] 1803333333 776,2946497 0 30,10994685) 1 3010994685 15525893 1893798715  586,9147782 1173829556  117,3829556| 4695318226 [ 330,0661556] -3110,52143
2005| 20169845) 487685 55,20 213079440 Bl 1016122083 0] 30,67446366) 1 3,067446366) 03200457 2379663666 7781559164 1556311833 1556311833 6225247331 7] 412,6500488) -2697,87138
2006 2392377, 3753925 62,36 247841245 2700 883,447057) 0 236114779 1] 2,36114779 176,689411)  203,6620371  679,7850199) 135,957004] 135,957004] 543,8280159) 8] 339,9195899] -2357,95179
2007 33%5] 3400175 B6,66) 132349459 300] 8553727476 0 2138645734 1 2138645734) 17007455 19559965260 659773095 131954619 131.954619] 527818476 9| 311,0917778) -2046,86001
2008] 2926702,5) 194308 9,35 200171400 300| 669,8661981 0 12.20160551] 1 1,202160551 13397324]  MBA170057] 5214491924 104,2898385|  104,2898385) 417,1593539 10] 231,8436779] -1815,01633)
2009| 2926702,5) 0 60| 0| 3{I)| 0| 0| () 1 0| 0 1 -1 -0, 0 -1 11] -0,52406191] -1815,54039)
2010 30916082 1649057 400 -51295890) 300| 4148900592 0 1037225649 1 1,037225648 82,0780518]  95,3375339%|  319,5027252 6390054504 63,90054504] 2556021802 12) 126,3096348| -1689,23076)
011 365998 5680898 20 74040400) 300| 1500,734484 0 3573138 1 3513177383 300,146897| 3404518475 1160282636 232,0565273  232,0565273] 928,2261091 13) 432,5288026) -1256,7019%|
01 409853 570155 ) -235126510| 300| 1581,49%73 0 3528616706 1 3,58616706) 316,299935  396,7477723| 124751901 2449503802  244,9503802] 979,8015208 14) 430,5153981] -826,186557]
2003 4749709 519876) 463,09 -219673000| 300| 1514137277 0 3269921664 1] 3,269921664) 302827445 3397965836  1174,340643| 2348681286  234,8681286] 9394725144 15| 389,2458455/ -436, 940712
004 519945 4913 486,205 -197355000| 300| 1375,307679 0] 28,28672569 1 2,828672569 775061535 3071769332 1068130742 2136261483  2136261483] 8545045933 16] 3338440466 -103,096665)
2005 56979145 498462,5) 510,51265 24858700| 300| 1600576948 0 313534801 1 3135234801 4000 750 950| 32011539 1305602972 2949739759 5899479517 5899479517 -3564,02082 17] -1312,98207] -1416,07873
2016  6480866) 7829515 536,0382563) 719654400| 3{I)| 2639,78299 0 4924616777 1] 4924616777 950] 527,956598| 1533127383  1106,655608)  221,3311215  221,3311215] 1835,324486) 18] 637,5595383] -778,519192
017 716309 68232 562,8401691 666976200| 300| 2415,20918) 0 429111018 1 4291110182 950/ 483,041836 1481244048 933965132  186,7930264 1867930264 1697,172106 19) 555,9338277] -222,585364)
2018) 7682295 5191315 590,9821775 528222200| 300| 1929,6979% 0 36538 1 3265389 950] 385939599 1372857227 556,8407683 1113681537  111,3681537] 1395472615 20 431,0303599] 208, 4449956
2019| 81922075 509978] 620,5312864) 517110300| 300| 1990,456561] 0 3207665117 1] 3,207665117) 950] 398091312 1384375629  606,0809328 1212161866  121,2161866] 1434,864746| 21] 417,9139185| 626,3589141
2000] 8696013 5038055 6515578507 508933800| 300 2064,683401 0 31688412 1 3,16884126) 412,93668  448793934] 1615880467 3231778933 331778933| 1292, 711573, 22] 35,0314566] 981,3903707
021 9176470 480457 6841357432 491506700| 1| 2067447009 0 3021983613 1 3021983613 13489401 4477312008) 1619715785 3239431569 323 9431569] 1295772628, | 335,570153] 1316,96054
2022 9614766) 43829| 718,3425304) 486772700| 21| 1980,325899 0 2756798901 1] 2,756798901] 396,06518]  427,389%77| 1552935931  310,5871862]  310,5871862) 1242,348745 241 303,3803004] 1620,340824)
2023 10016939 4017 754,2596569 477554700| 1| 1907,969245 0] 2529592067, 1 2529592067 31593849 4104193617 1497549883 299,5099766| 2995099766 1198033906 25 275,8699926| 189,210817
2024 10394908) 37797 791,97263%) 471223300| 1| 188),788954 0 2377340907 1 2377340907 376557791 403,7085408| 147908413 2958160827 2958160827 1183264331 26| 256,9237657] 2153,13458)
2025 10742690 347784 8315712719 455548600| 231 1819,058456) 0 2187495549 1] 2187495549 363811691 3838741422 1430184313  286,0368627|  286,0368627| 1144,147451 27) 234,2576759) 2387,392258|
2026] 11069757 327067, 873, 149834 447699000| 1) 179, 234707 0 20,57189539 1] 2,057189539) 359246941 382,8760264] 1413358681  282,6717362  282,6717362| 1130,686945 28] 218,2948741] 2605,687132)
2027 11379174 309417 916,8073271 439238000| B 178426691 0 1946174379 1 1946174379 356,853386|  379,2613043|  1405,005626|  281,0011253|  281,0011253] 1124,004501 29| 204,6249271] 2810,312059
2008 11675520 296346 9626476935 430394000| B 179337047 0] 186390263 1 1,863960263 358867409 380370974 141396075 282793215 282793215| 113117286 30| 194,1819201] 3004,493%8
2029| 11950347, 2788771 1010,780078| 390908000| B1| 1747244374 0 17,28609825 1] 1,728609825| 349448875 369,4635828) 1377780791 2755561582  275,5561582| 1102,224633] 31] 178 4182413| 3182,912221
2030] 12213791 26344 1061,319082 5195000 Bl 1758619419 0 1657012909 1 1,657012909 31723884 370,9510258] 1387668393 2775336787 2775336787 1110,134715 32] 169, 4471046| 3352,359329
2031] 12465869 252078 1114,385036 1766,833016 0 1585522919 1 1,585522919 353376603 3718173553 1395065661 2790131321 2790131321 1116,052528 33| 160632135 3512,99146
2032 12708213 U344 1170,104288| 1783 587511} 0 1524297901 1] 1,524297901] 356,717502) 374434779 1409102731 2818205463  281,8205463| 1127,282185) 341 152,992368] 3665,983828
2033] 12938343 B0130 1228,609502 1778,330498 0 1447474153 1 147474153 35,6761 3725083153 1405782183 281,1564366)  281,1564366] 1124 625746 35) 143 9244147] 3809,908243
2034 13163144 204801 1290039977 1824,059445 0 1413955751, 1 1413955751 364811889 3813654003 1442694043  288,5383086 2885383086 1154,155234 36) 139,2771922] 3949,18543
2035 13379649 216509 1354,541976) 1844,582051] 0 1361775481 1] 1361775481 363916411 3848950405 1459686111  291937221] 2919372221 1167, 748889 37] 132,8784541] 4082,063889)
2036 13588541 20889 1422,269075) 1868,706753, 0 1313891150 1] 1313891151 200 373,741351) 3891941532 14795126 2959025199 295,9025199)] 983,6100797| 38] 105,5400759] 4187,603965)
2037] 13590219 1678 1493,382529 15,76161092 0 0105543025 1 0,010554302 31530018 4263419511 1149319141  2,298638281  2,298633281] 9,194553126) 39{ 0930281502
[ N — — | 1 [ ] SUM | 4187,603969
1 PG480 1 - EXPERTS IN | EAMWORK “





GROUP |V — GULLFAKS VILLAGE 2010

Sensitivity Case: -2% of Qil and Gas Price

2R JOR Challenge Part B | Appendix B: Economic Calculation

EXPENDITURE
INCOME OPEX CAPEX
DATE FOPT |voloilperyearl  oilprize  |Volgasperyear| Gasprize |oilincome  [Gasincome |Field / offshore [CO2-duty |Gasoil transportation  |Subsea/platform [Productionunit |Drilling  |abandon  |Cap Allowance| royalty |Fiscal allowance | Taxable income Tax Nettax | cashflow NV | cumNPV
(SM3)  [Sm3 (UsD/BBL) Sm3 (cents per gallon)|(MNOK) (MNOK) ~ |(MNOK) (MNOK)  |(MNOK) (MNOK) (MNOK) (MNOK) ~ |(MNOK) ~ |(MNOK) (MNOK) ~ |(MNOK) (MNOK) (MINOK) (MNOK) (MINOK) (MNOK) ~ |(MNOK)
1999| 182525,08)  182525,08] 139 45087848)  110,8333333)  147,3405078] 0 1148048014 1 1,148048214) 3500] 1650) 1030[ 294681016 1073,096632(  -925,7561241)  -185,1512248)  -185,1512248] -4860,6049) 1] -4583,31438] -4583,31438)
2000 33053316 14800808 34,09 62183542 1384] 191,531749) 0 9309428157, ) 0,930042816) 1030 38306435 1079546806  -888,0146311)  -177,6029262)  -177,6029262| 319,5882952] 2| 284,1643022] -4299,15008]
2001] 538899,12 208365,96| 2803 103837010 1393333333 220413758 0 131058459 1 1,310582459, 1030[ 44,0827516f  1089,499159|  -869,0854006)  -173,8170801)  -173,8170801] 334,7316795) 3] 280,6498394| -4018,50024|
2002 773933000 235033,88] 733 174349490 136,5] 242, 4146889) 0 147831863 1] 147831863 1030[ 484829378 1095, 744443  -853,3297538)  -170,6659508)  -170,6659508] 347,336197] 41 274,6043126| -3743,89593)
2003| 10505896 276656, 341 231690460 156 339,009723) 0 1740117662 1] 1740117662, 1030) 67801946 1117943239  -7789335159]  -155,7867032|  -155,7867032] 406,8531873] 5| 303,3083443] -3440,58758]
004 15292995 4787099 097 MeA0T8I0l 1803333333 776,2946497) 0] 301099468 1 3010994685 155,25893) 1893798715 5869147782  117,3329556|  117,3829556] 469,531822) 6| 330,0661556] -3110,52143
05| 20169845 47685 55,20 21307940 B1| 1016122083 0 306746366 1 3,067446366) 3200457 237963666 7781559164 155,6311833]  155,6311833) 622,524733 7] 412,6500488) -2697,8713¢]
W06 BIBTI| 375395 636 7841045 0] 8347057 0 B6141H9 1 23614779 176680411 2036620371 6797850199 135.957004)  135,957004] 5438280159 8] 339,9195899) -2357,95179)
07| 233945 3400175 66,66 132349055 300 8553727476 0 238645734 1 2138645734 17,0745 19559965260 659773095 13954619 131954619 527818476 9] 311,0917778) -2046,86001]
2008 29267025 194308 9135 210171400 300‘ 669,8661981] 0 12,22160551] 1 1,22160551] 13397304 1484170057 5204491924 104,2808385)  104,2898385| 417,1593539) 10| 231,8436779) -1815,01633
2009 29267025 0 60 0[ 300‘ 0 0 0 ) 0 0) 1 -1 -02 0 -1 11] -0,52406191) -1815,54039)
2010] 30916082 164905, 400 -51295890[ 300‘ 414,8902592 0 103725648 1 1,037225648| 82,9780518]  95,387533%| 3195027252  6390054504] 63 90054504 255,6021802 12| 126,3096348) -1689,23076|
2011 3659698 568089,9 39 74040400‘ 300‘ 1400,685518) 0 3573177383 1] 3573177343 280,137104| 320,4420544)  1080,243464]  216,0486928]  216,0486928] 864, 1947711 13| 402,6918936] -1286,536886|
00| 40%33 57015 384,16 -235126510\ 300\ 1377661938 0 358616706 1 3,58616706) 275,532388| 3159005 1061,681713)  212,3363425)  21,3363425  849,34537] 14] 373,1942156| -913,344649)
NB| 478979 51976 3764768 219673000 300\ 1231049644 0] 3269921664 1 3,269921664] 246,209929| W31790672 7 8T05T72)  189,57ALISA)  189,5741154] 758,2964617) 15] 314,1802904| -599,164358
04| 5199452 U973 368947064 197355000 300\ 1043631005 0 2828672569 1 2,828672569 08726001 08415993 8027894058 1605578812  160,5578812) 64, 315247 16] 250,9116659| -348 25269
005| 56979145 4984625 3615683187 24858700 300\ 13360157 0] 31,353401] 1 3135234801 4000) 70 950 226,720315)  1212,2078%8] 7860632214 1572126443 -15,7212643] -3862,88506 17) -1423,08338 -1771,33607]
2016| 6480866| 7829515 3543369523 719654400 300[ 17449731, 0 494616777 1] 4,94616771) 950] 34899474) 1354165525 3908081758  78,16163515|  78,16163515) 1262646541 18] 438,6212638) -1332,71481)
2017 7163008] 63223)) 3470502133 666976200 300[ 1490,088926| 0 49111018 1 4,29111018) 950) 298017785 1296,219997| 1938689287 3877378573  38,77378573) 1105,005143 19| 361,9902606] -970,72455)
2018] 76822295 5191319 340,305209 528222200[ 300‘ 1111,177806) 0 32,652389 1 3,2652389) 950] 222,235561) 1209153189  -97,97538278|  -19,59507656  -19,59507656) 871619693 20 269,223879) -701,500671]
2019| 81922075 509978| 3334991049 517110300[ 300‘ 1069,753445) 0 3207665117, ) 3,207665117] 950] 213950689 1200,235005  -1304815601  -26,09631202  -26,09631202) 8456147519 21 246,2909312{  -455,20974|
2000] 8696013 503805, 3268291228 508983800 300] 1035,669609) 0 31,6884126) ) 316884126 27,133922] 2429911757 792,6784335]  158,5356867) 158 5356867| 634,1427468) 22 174,1615281] -281,048211]
2001 9176470) 430457 300,295403) 491506700 1| 9%7,9188083 0 3021983613 1 3,021983613, 193583762 2278255814  740,0932269]  148,0186454)  1480186454] 592,0745815) 23] 153,3313435) -127,716868)
002 %14766) 13829) 313,80668%| 486772700 1| 8653224808 0] 27,5798901 1 2,7567%8901 173064%| 2043302841 6609331%7)  132,1866393)  132,1866393) 528 7465574 24| 129,1193718] 1,402503797
2003| 10016939 40017 3076089557 477554700 B TR 0 252990067 1 2,529592067 155,625035| 184505476 5936746265 1187349253 118,7349253| 474,9397012) 25| 109,3633118] 110,7658156
2024] 10394906) 377%1] 014567766 471223300 Bl 7166655268 0 B30T 1 2377340907 13333105 1704838553 546, I816715)  109,2363343)  109,2363343] 436, 45337 26| 94,8745251] 205,6403407
2005 10742690) UTRY 2954276411 455548600 31| 646,24664%9 0 2187495549 1 2187495549 12920933 154310781 4919348689 9838697377 98,38697377) 393 5478951 27| 805766907 286,2170314
2006 11069757} 327067 2895190882 447699000 1| 595,5956397) 0 2057189539 ) 2057189539, 1911918 142,7480129]  452,8474269]  90,56948537)  90,56948537| 362,2779415) 28] 69,94280599) 356,1598374|
2007 11379174 309417 2837287065 439238000 B1| 55,1855392, 0 1946174379 ) 1946174379 10437108 132,845006( 4193405132 8386810263  83,86810263| 335,4724105) 29| 61,07272478 417,232562)]
2008 11675520 296346| 2780541303 430394000 B1| 5182818535, 0 1863960263 1 1863960263, 103656371 1251599336 3931219199  78,62438399)  7862438399| 314,4975359) 30| 53,98797792] 471,2205401]
2009 11950347 274811 2724930497 390908000 21| 471,0341628) 0 17,28609825) 1 1,728609825) 9420683260 1142015406  356,8126222] 7136252444  71,36252444 2854500978 31] 46,20610255| 517,4266426)
2030 12213791 263444 2670431887 5195000 BI 442,4940108 0] 1657012909 1 1,657012909 834988022 107725042 3347680667  66,95361333]  66,95361333) 267 8144533 32| 4087826737 55830491
2031 12465869 178 261,7023249 414935034 0 15852919 1 1,585522919 82,0870068) 101427759 3135072753 62,70145505|  62,70145505) 250,8058202) 33| 36,09818833] 594,4030983
03| 12708213 2134 25,4681784 3909340586 0] 1524297901 1 1,524297901 781868107 9595408863 2949799699  58.99599399] 5899599399 23598397 34| 32,02724906] 626,4303474
033 12938343 1B0130) 251,338919 363,8065799 0 144774153 1 147474153 0761316 8968353166 2741230482 54,82460965] 5482460965 2192984386 35 28,06480246| 654,4951499
2034 13163144 24801 26,3121346) 348 2744593 0 1413955751 1 1413955751 69,6548019  86,0840511) 2620660542 5241321083  52,41321083| 2096528433 36| 25,29976773] 679,7949176]
2035 13379649 216505) 241,3858919) 328,713389 0 1361775481 ) 1361775481 65,7426778] 817222081 2469911809 4939823619  49,39823619| 197,5929447 37| 22,48415332] 702,2790709)
2036 13588541 20889, 136,5581741] 3108116917, 0 1313891151 1 1313891151 200 62,1623383 77,61514101| 1331965507 46,63931014]  46,63931014( -13 4427594 38| -1,44239052] 700,8366804|
2037 13590219 1678] 131,8270106) 2446772391 0 0,105543005, 1 0,010554302 0,48935448 1,605451805| 0841320586 0,168264117)  0,168264117] 0,673056469) 391 0,068098142,
SUM | 700,8366804





IOR: GULLFAKS S@R STATFJORD

12.6.2 Sensitivity Case: +30 % of Oil and Gas Production
EXPENDITURE
INCOME OPEX CAPEX
DATE FOPT |voloilperyearl  oilprize  |Volgasperyear] Gasprize  |oilincome |Gasincome |Field / offshore |C02-duty |Gas il transportation |Subsea/platform [Productionunit |Drilling |abandon  |Cap Allowance| royalty |Fiscal allowance | Taxable income Tax Nettax | cashflow NPV | cumNPV
(M3} |Sm3 UsD)/B8L) Sm3 (cents per gallon|(MNOK) ~ |(MNOK)  |(MNOK) (MNOK) | (MNOK) (MNOK) (MNOK) (MNOK) ~ |(MNOK)  |(MNOK) ~|(MNOK)  |(MNOK] (MNOK) (MNOK) (MINOK) (MINOK) (MNOK]  |(MNOK)
1999 3728060 237280604 N3 4087 1108333333 1915426601 0 1492462678 1 1492462678 350 1650 1030 33308532 1085725621  -894,1829614 1788365923  -178,8365923) -4835,34631] 1| -4559,49681) -4559,49681,
20000 42969311  192410,504) 349 62183542| 1384 2489918274 0 121000566 1 1,21022566) 1030 49,7983655]  1094,110848|  -845,1190204]  -169,0238041)  -169,0238041) 353, 9047837 2| 314,6770624) -4244,81975
2001] 700568,86  270875,743 203 1038370100 1393333333 286,5378854 0 1703757197 1 1703757197 1030| 573075771 1107,048906|  -820,5110208)  -164, 1002042 -164,1022042] 3735911833 3[ 313,2309011) -3931,58889
2002] 1006112,90 305544, 04 U3 17430990 1363 315,13%0956) 0 1921814219 1 1,921814219 1030| 630278191 1115167776 -800,0286799) 160005736 -160,005736) 3899770561 4) 3083162145 -3623,27263)
2003) 1365766,48) 35965358 DA BI6EY 156 40,712639%9 0 2262152%1 1 2,26215%1, 1030| 88142508 1144006211  -T033135707)  -140,6627141]  -140,6627141] 4673491439 5| 348,4079745) -3274,86466
2004 198308935 623,87 097 24pH078100 1803333333 1009, 183045 0 391429309 1 391429309 W1836609 258938309 763 WNLT| 1506578403 152,6578423] 610631369 [ 429,2547148) -2845,60994
2005 26207985 633990, S5 213079440 I 1320958963 0 3987680275 1 3987680275 64191794 3090562766 1011,902691)  202,3805383  202,3805383] 8095221531 7| 536,6041511) -2309,00579
2006] 311009,10]  483010,25 6236 478145 0] 1148481074 0 306949127 1 3069492127 1969235 2644606480 884,0205259)  176,8041052 176804105 7072164207 8 442,0454789) -1866,96031
2007| 3552010, 442020,79 B6,66 132349455 30| 111198457 0] 278003954 1 2,780039454 30690 1539795484 8580050235 174,6010047)  171,6010047] 686, 4040188 9| 404,5607651) -1462,39955
2008 38047135 2526004 9135 210171400 300 870,826057 0] 1588808717 1 1,588808717 416500 196420074 6781839501 13563679 135,63679] 5425471601 10] 301,5301655) -1160,86938)
2009] 3304713, 25 0 0 0| 30 () 0 0 1 0 0 1 - -0, () - 11] -0,52406191] -1161,39345)
2010 401909066 21437741 400 -51295890| 300 539,3573369) 0 1348393340 1 1,34839334) 07871467 1037037942 415,6535428)  83,130708%| 8313070856 3325228342 12] 1643211249 -997,072321]
2001 475760740 738516, 74| ) 74040400| 300[ 1913,793785) 0 4645130545 ) 4645130545 38),758757)  434.8551909|  1478,938592  295,7877184) 2957877184 1183, 150873 131 551,3169966| -445,755325)
2002| 5498%08%0 74120 44,34) »235126510| 30| 197837361 0 466200178 1 4662007178 I564720) 79569109 1530416699  306,0833397]  306,0833397] 1224333359 14) 537,9603442| 92,20501968)
03| 6174647,70) 6758388 437,098 -219673000| 300] 1858008479 0 450898163 1 4250398163 J7L6056%| 4193655756 1438662903  287,7325807 2877325807 1150930313 15| 476,8578534 5690628731,
014 675928760 5846399 450,203524 -197355000| 300 1655,521867] 0 36772734 1 367727434 BLIBA| 370554391 182967475 2565934951 256,5934951] 1026,373% 16] 40099122421 970,0540973,
2015) 7407288,85  648001,25) 463709297 24858700| 300 18%9,990139) 0 4075805242 1 407580524 4000 70 950 377,998008| 1373831806 5161582538 1032316508 1032316508 -3387,0734 17] -1047,79479) -277,740697)
2016 84251580 10178369 477,6209186) 719654400| 300] 3057729986 0] 6402001811 1 6,402001811 950| 610545997 1632968017 1424761969 2849523937  284,9503937] 2089,809575) 18] 725,963195| 448,2224984)
017 9312027,40| 886901, 5) 491,949546) 666976200| 300 2744312618 0] 55781303 1 5,57814323 00| 548862524 1561205399 183087219 2366174438 236,6174438) 1896 469775) 19) 621,2167274{ 1069439226
018 9986898,35| 67487099 506,7080326 528222200| 300| 215087%1) 0 4481057 1 4,2048107) 950 30175922 1427,868839)  T230007737  144,6001547)  144,6021547) 1528 408619 20| 472,0913261] 1541530552
019 WWM 8629714 521,9092739 517110300| 300| 76,3320 0] 41699465 1 4,16994652 950] 43506864 143138056 744204967 1488409933 148,8409933] 1545,363973) 21] 450,0975547] 1991,628107
P WW##| 654947 15 537,566551 508983800| 300 221450199 0] 411949363 1 411949363 AD003%8 48914808 1705087160 3450574304 345,057434| 1380,2973 20] 379,0675209] 2370695617
0 WWM 6245941 553,6935483 491506700| BI 275208679 0 3928578697 1 3928578697 435045736 4792601014 1695968577 3391937155 339,1937155) 1356774862 23] 351,3680859] 2722,063713
) WWM 569784,8) 570303547 486772700| BI 2043878744 0 3838387 1 3583838572 WB775109)  M91979731 1594680771 3189361542 318.936154| 1275, 76T 24 311,5355384| 3033,59925)
0 ##########| 5208049 587,4134854 477554700| BI 193169144 0 32884687 1 3288469687 386338288 4235114546 1508179986  301,6359972]  300,6359972 1206543989 25| 277,882088| 3311,42746)
04 WWM 491357, 605,03588%9 471223300| 11| 1869,88953 0 309054318 1 309054318 IBITING 40897336 146091566  292,1831319) 2921831319 116873258 26] 253, 7684559| 3565,195916
00 ###WM 452119 623,186%666 455548600| B 1771843 0 84374014 1 2803744214 354436866 3067180524 1385,466278)  277,093255|  277,0932556| 1108 373022 27) 226,9330654] 3792,128982)
004 mmm| 45871 641,8825756 447699000| BI 1716,616356) 0] 2674346401 i 2674346401 BB IBTA0R16| 130875274 2685750549 2685750549] 1074,30022 28] 207,4086308] 3999537613
0] u#mm| 4001 £61,1390529 439238000| BI 167269945 0 25300266% 1 2,530026693 B389 3633701839 1309329268 2618658535 2618658535 1047463414]  29) 190,6906285| 4190,208241
08 WWM 3852498 6809732249 430394000| B 1650,099139) 0 2423148341 1 2423148341 R001988) 37674506 109042468 258484936 258.484936( 1033939744 30| 177,4904719) 4367718713
0 WW###| I075,1 7014004207 3909080(I)| BI 1576,186451) 0 2419 1 2U1977) 3058709 30.9564107) 123530041  247,0460081)  247,0460081] 9881840324 31) 159,9583713] 4527677084
JAED) ##M##M 34712 720, 444939 5195000 B 15,2908 0 2154116781 1 2, 154116781 3U,5%2 33594161 1220088562 2440577123 2440577123 976,2308493 30| 149,008484] 4676685568
2031 mmmm| 27014 T44,117808] 1533, 760634 0 20611797% 1 2,0611797%5 306752027 30451045 1203335529 2406671058 2406671058 9626684234 33| 138 5557401 4815,241308
203)| mmm| 3150472 766,4413635) 1518,770451] 0 19815871 1 1981587272, 303,75409)  326,5515501 11922189 2334437801 2384437801 953,7751204) 34| 129,444354) 494,685662
033 WW| 299169 7894346049 1485,492041 0 188171639% 1 1,8817163% 297,098008) 3187972885 1166,694750  233,3389504  233,3389504] 9333558017 35 119,44656%| 5064,13223)
2034 W####M 10413 8131176426 1094626077 0 18381447 1 1,838142476 1390505 30144787 1074481094 2348962589 2348962589 9395850355 36 113,3840047) 517751657
2039 ###WM 814565 8375111719 1480,65283) 0 177030815 1 1,770308125 29,530566] 317003959 1165640877 233,1097753  233,1297753| %32,5191012 37] 106, 1115946| 5283627851
203 MW#M 171559, 862,636507] 1473,433614 0] 1708058497 1 1,708058497 00 104686723 3144753666 1158,956249) 2317916498 2317916498 727,1665992 38] 78,00400563] 5361,651877
2037 WWM 1814 888,5156022 12,1909114 0 0137205932 1 00137209 | 24381913 3,589118754) 8,601842389| 1720368478 1,720368478] 6881473911 39 0,696250029
| ] SUM [ 5361,65187]
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GROUP |V — GULLFAKS VILLAGE 2010

12.6.3 ensitivity Case: -30 % of Oil and Gas Production
EXPENDITURE
INCOME OPEX CAPEX.

DATE FOPT  (oloilperyeary  oilprize  |Volgasperyear] Gasprize  |oilincome |Gasincome |Field / offshore |CO2- duty |Gas oil ransportation Subsea/p\atform|Productionunh |Dri|h’ng abandon  |Cap Allowance] royalty | Fiscal allowance| Taxable income Tax Nettax | cashflow | i NPV | cumNPV
(V3 fom3 (UsDyBBL) Sm3 (centspergallon)|[MNOK)  [(VNOK)  [(VNOK)  jMNOK)  |(mNOK) (MNOK) [ivmox) (MNOK)  |(VNOK)  |(MNOK)  |(VINOK)  |[MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK)  |(voK)
199 177049,33] 1770493276 039 40878 1108333333 142,92009%6) 0] 1113606768 1 1,113606763 350 1650 1030 285040585 107,833733  -9289134404)  -185,7826881]  -185,7826881) 486313079 1| -4585,69614] -4585,69614
20000 320617,17]  143567,8376 3429 62183542| 1384 1857862097 0 903045302 1 0903014531 1030 37,1572419) 1078090402 -892,3041921]  -178,4608384] 178 4608384 316,1566463 2| 281,1130062] -4304 58311
2001| 5073),15) 202114981 203 103&37010| 139,3333333|  213,8013453] 0 12,71264986) 1 1,271264986) 1030{ 42,7602691) 1087744184 -873,9428386]  -174,7885677|  -174,7885677) 330,8457291] 3| 277,3917332] -4027,19138)
002 75071501 2279808636 3 174349490| 1365 235,142483 0] 14339071 1 1433969071 1030 47,008497) 1093802109  -858,6598612)  -174,7319722 1717319722 33,0111 4 271,2331204) -3755,95805
2003 101907191 268356,302 047 231690460| 156 3288394313 0 1687914133 1 1687914133 1030] 65,7678863) 1115334942 -786,4955104]  -157,0991021] 1572991021 400,8035917 5| 298,7983813) -3457,15987
2004] 148342052 464348603 971 2464078100 1803333333 7530058102, 0 29,20064804) ) 2,920664844| 150601162 1837284753 5692773349 113855467 113,855467| 4554218679 6 3201472997 -3137,01257,
005 195647497 47305445 5520 213079440 BI| 9856386146 0 2875420979 1 2975422979 197,073 087356 T5ATR138Y  1509562478)  150,9562478) 6038249911 7] 400,2546386] -2736,757%3
2006 2320605,69]  364130,725 62,36 247841245 200 856,436453) 0 2903133 1 2,2903133% 171388729 197582076) 6593614693 131,8720939) 1318722939 5274891754 8] 329,707001] -2407,0503
2007] 265042267 329816975 66,66 132349455 300 829,7115652 0 2074486362 ) 2074486362, 165942313 189761663 6399499022  127,9899804)  127,9899804| 511,9599217 9| 301744879 -2105,30605
008 28300043 18847876 9135 210072400 300| 6497701122 0 118549573 1 1185495739 129954042 1439944955 5057757066 101,1551433)  101,1551433] 4046205733 10] 224,8750291] -1880,43103
009 283890183 0 0 () 300| 0 0 () 1 0 0 1 -1 -0, 0 - 11) -0,52406191] -1880,95509)
2010] 299885995 159958529 4000 -51295890) 300| 402435514 0| 10,06108879 ) 1,006108879) 804887103 9255590795 3098876435 6197752869  61,97752869) 2479101148 12| 122,5084858)  -1758 4466
01| 354990708 551047,106 4] 7404040 300| 1477984593 0] 3465982002 1 3465982002 28559919 347207209 103261872 2206523145 220,6523745) 882,6094979 13) 411,270669) -1347,173%3
N0 4N0%B74] 5530503 043 -235126510| 300| 1476,171078 0 347858048 1 3478582048 W5,B006 334986181 11416746 20833492 1283349 913 337%78 14] 401,311949] -945,861983
013 46073713 50429,72 37,0908 -219673000| 300| 1386,375(}96‘ 0 317184014 ) 3171824014 W5019) 3131650833 1073210012 2146420025 2146420025 85856801 15| 355,7251818) -590,136801
04| 504346844 43623131 450,203524 -197355000[ 300| 135274008 0 277.43139 1 2,74381239) U050 BT ST 191407454) 191407454 765,6298161 16] 299,1218046| -291,01499%)
WI5| 552697707 48350865 463709297 24858700| 300| 1410,22341) 0 047757 1 37T 4000) 70 050 280,0M4682 166497638 143705774 I87ASI58)  28,7451548) -3685,01938 17) -1357,55783] -1648,57281
2016| 628644002 759462955 477,6209186) 719654400| 300| 2281536989 0 4776878274 ) 4, 776878274 9501 456,307398]  1459,853059| 8216839305 1643367861  164,3367861] 1607,347144 18] 558,3642081] -1090,20861
17| 6948205,06]  661765,04 491,9495462 666976200| 300| 2047679415 0 4162376874 1 4162376874 950] 409535883 1406,322009| 6413573865 1282704773 128 2714773) 1463, 085909 19 478,2554315) -610,953183)
2018 745176262 503557555 506,7080326| 528222200| 300| 1604,887095| 0 3167281733 1 3167281733, 950 320977419|  1306817518) 2980695773  59,61391546]  59,61391546| 1188 455662 20| 367,0874414) -243, 865742
019 794644128 49467866 521,9092739 517110300| 300| 1613836866 0 3111435164 1 3111435164 90| AT 131000316 3138837059 6277674118 6277674118) 1201,106%5) 21 349,830407] 1059646652,
2000 83513261 488691,33) 537,566551] 508983800| 300 1652359177, 0 307377602 1 3073776002 R047835| 3652833707 1287075005 2574150611)  2574151611] 1029, 66064 12) 282,7869154] 388,7515806)
201 89011759 46604329 553,6935483, 491506700| 231 1623,055245) 0 293132410 1 2,931324105) 4611049 3578556141 1265199631  253,0399261)  253,0399261] 1012159705 23| 262,1220573) 650,8736379
0| R3BO AU 5703043547 486772700| B 1525047986 0 2674094934 1 2674094934 5000507 334246415 1189623345 237,9246689)  237,9246689] 951,6386757 U 13),403349|  883,277487)
03| 971643083 39010731 5874134854 477554700| BI 141,339 0] 2453704309 1 2453704309 2832678 31658469 1125080451  225,0160002)  225,0160902] 9000643608 25) 207,2558245| 1090,533311]
2024 10083058,82 366627,99| 605,0358899) 471223300| B 1395205074 0 230602068 1 2,30602068] 279045055 3054112824 1089813992 2179627984 2179627984 871,8511937 26 189,306215) 1279839526
2005| 1042040930 337350,48| £23,186%666 455548600| BY 13230154 0 2121870683 1 2,121870683 6446431 2838050084 1033517146 206,7034292) 2067034290 8268137167 77) 169,2854007| 1449,124927)
2006| 1073766429 317254,99| £41,8825756 447699000| 11 1280,85%% 0 1995473853 1 1,995473853 671979 7791221917 1008737705 200347541 200347541 801,3901638 28] 1547195408 1603, 344468
207 1103779878 30013449 661,1390529) 439238000| B 1248091129 0 1887789148 1 1887789148 249618206 271,3839065|  976,7072208  195,3414446)  195,3414446| 781,3657782 29) 142,475757) 1746,092044
2008| 1130525440, 287455,60 6809732245 430394000| BY 13,0819 0] 18,08041459 1 1,808041455) 625564 2671340199 9640937995 192,8187599)  19,8187599] 771,27503% 30] 132,4003372 1878 492381
2009] 1159183659 266382,19 7014024202 390908000| BY 1076077583 0 167675153 1 167675153 525507 1546597834 QLALTIO0| 1842835599 184,2835599] 737,134239% 31) 119,3206817| 1997,813063)
2030] 11847377,21)  255540,68 720, 4444939 5195000, 231 1161186857, 0 1607300521 1 160730521 BIBBTY 250917699 9102691575 182,0538315 1820538315 728,215326 32| 111,1522565) 2108,965319
2031 1209189293 244515,66 7441178287 1144,4213% 0 15379723) 1 1537195723 1884279 68018087 8976195672 179,5239174)  179,5239174] 718095668 33) 103,3546698| 2212,319989)
03| 1306966 23507368 7o, 4413639 1133,36413 0] 14,7858%4 1 147856894 V66MR| MBI 8938719 177,8649744) 1778649744 714598975 34 %,55784143| 130887783,
2033 1255019271 22306,1 78943460451 11084056 0 14,04049928) 1 1,404049928) 0168112 2381256691 8702799304 1740559861  174,059861] 696,239443 35| 89,09952843) 2397,977359
034| 1276824968 21805,97 8131176426 1115,2209% 0 1371537078 1 1371537078 1300199 2391311071)  876,0898889  175,2079778)  175,2079778] 7008719111 36] 84,57741988| 2482,554779)
2035| 197825953 21000989 8375111719 1106,287113 0 13,2090 1 1320922216 DLLMB| 167875671 8694995464 1738999093 173,8999093) 695,5996371 37) 79,15246624{ 2561,707245)
2036 13180884,77) 2026524 862,636507] 1099,408159, 0 12,74474417) 1 1274474417 20 21988163 2349008504 8645073088  172,9014618  172,9014618| 4916058471 38) 52,74866483) 261445591
037 BB 167,66 888,5156022 909633545 0 0102376734 1 001037673 181926651 2,931880916) 6164451629 1,32890326)  1,032890326] 4 331561303 39) 0498962831

SUM 261445591
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IOR: GULLFAKS S@R STATFJORD

12.6.4 Sensitivity Case: +40 % of Investment Cost
EXPENDITURE
INCOME OPEX CAPEX
FOPT |voloilperyear)  oilprize  |Vol gas peryear oil income Field / offshore |C02- duty |Gasoiltransponation Subsea/platform |Production unit (Cap Allowance] royalty | Fiscal allowance| Taxable income Tax Nettax | cashflow | i NPV | cumNPV
(SM3)  [sm3 (UsD)BBL) 5m3 (MNOK) (MNOK)  [(MNOK)  |iMNOK) (MNOK) (MNOK)  [(MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) ~ |(MNOK)
1999| 182525,08)  182525,08 21,39 45087843 147,3405078] 0 11,48048014) 1 1,148048214) 1442 294681016 1485,006632  -1337,756124]  -267,5512048|  -267,5512248] -6838,2049) 1] -6448,09514) -6448,09514
2000| 330533 16) 148008,08| 319 62183542| 191,5321749 0 9309428157 1 093042816 1442) 38306435 1491546806  -1300,014631)  -260,0029262]  -260,0029262] 401,988295) 2| 3574308732} -6090,66427)
2001 5388%9,12 208365,96| 803 103837010| 10413758 0] 1310582459 1 1,310582459) 144) 440807516 1501,499159|  -1281,085401)  -256,2070801  -256,2170801 417,1316795) 3| 349,7366578] -5740,92761]
2002 773933000 23503383 YIES) 174349490| 2424146339 0 147831863 1 147831863 1442{ 48,4829378| 1507, 744443|  -1265,309754  -253,0659508)  -253,0659508| 429,736197] 41 339,7498274) -5401,17778
03] 10505898 276656,6) 24 231690460| 33900973 0 1740117662 1 1740117662 1442) 67801946 1520943039 -1190,933516)  -233,1867032)  -238,1867032] 489,2531873) 5| 364,7374012] -5036,44038
004 15292995 4787099 097 246407810| 776,2046497 0] 30,1099468 1 3,01099468 155,05893)  189,3798715 5869147782 1173329556  117,3829556] 469,531822 | 330,0661556| -4706,37423)
2005| 20169845 37685 55,00 21307940 1] 1016,12283 0] 3067446366 1 3067446366 23200457 237963666 7781559164 1556311833 155,6311833) 622,5247331 7] 412,6500488] -4293, 72418
2006 239377 3753925 6236 247841245 883, 447057 0 236114779 1 236114779 176689411 203,6620371) 6797850199 135957004 135,957004] 543,8280159) 8] 339,9195899| -3953,80459)
07| 233945 3400175 66,66 132349455 855,3727478 0 21,38645734) 1 2138645734 17,0745 19559965260 659773095 131954619 131954619 527818476 9] 311,0917778] -3642, 71281
2008| 29267025 194308] 935 10171400 £69,8661981 0 12,2216051 1 1222160551 13397304 MBALTO0ST| 521449194 1042098385 1042898389 417,1593539 10 231,8436779] -3410,86913
2009 29267025 0 60 0| 0 0 0 1 0 0 1 -1 -0 0 -1 11] -0,52406191  -3411,393)]
2010] 30916082 164905, 400 -51295890| 414,890259)) 0 1037225648, 1 1037225648, 829780518 95,387533%| 319502725  6390054504]  63,90054504f 255,6021802 12| 126,3096348] -3285,08356|
00| 365998 568089, 41 74040400| 1472149065 0 37317738 jl 357317738 449813 ATAT6E 1137414301 2074828603 227,4828603) 909, 9314411 13) 424,0039715] -2861,07959)
00| 40%33 57015 424,39 -235126510| 1521,825854 0 358616706 jl 3,58616706) 304365070 348130084 107701845 235400569 235,402569) 416102761 14) 413,7345311] -2447,34506
013 4749729 519874| 437,0908 -219673000| 1429,250676) 0 3269921664 1 3,269921664) 285850535 322819735 1106433003  221,2866005  221,2866005( 8851464021 15| 366,7372428| -2080,60782,
04| 5199452 u93 450,203524 -197355000| 1273,4783%9) 0] 2828672569 1 2,808672569 DA6R6TY 28681107 9866672088 197,3334578|  197,3334578) 789,3338311 16 308,382661] -1772,22519
W015| 56979145 4984625 463,7096297 24858700| 1453838569 0] 3135234801 1 3,135234801 1330) 290767714 1656,255297|  -200,4167278) 4048334557 -40,48334557] -5481,93338) 17) -2019,53933] -3791, 7648
016 6480866 7829515 47760918 719654400| 1352,099989 0 4924616777 1 494616777 1330) 470419998 1855500782  496,5092067)  99,30184134)  99,30184134| 1727,207365) 18] 600,0015467| -3191,76294
017 7163099 68223) 491,9495462 666976200| 2111,009706) 0 429111018 1 4,91110182 1330) 422,201941) 1800404153 3106055531 62, 12111062  62,12111062] 1578 484442 19| 517,055928) -2674,70701
018 76822295 5191315 506,7080326 528222200| [ 1654522779 0 32,6538 1 3265389 1330 330904556 1697822184 -43,29940484)  -8,659880968]  -8,659830968] 1295,360476) 20] 400,1079537] -2274,59905
2019) 81922075 509978] 521,909273) 517110300| \ 1674,110171 0 307665117 1 3207665117 1330 334,822034 170010635 -26,9%1795]  -5,3992358%9  -5,399235899] 1308,403056) 21) 331,0811087] -1893 5179
2000] 8696013 5038055 537,5665517] 508933800| 1703,463069, 0 31,6834126) 1 3,16884126) 340692614 3765498677 1326913201 2653826403  265,3826403{ 1061530561 22| 291,5396977 -1601,97825|
01| 9176470) 480457 553,6935483 491506700| 1673,25083) 0 302983613 1 3021983613 334650566 368,8923857 1304360444 260,8720888]  260,8720888] 104348835 23] 270,2353326) -1331,7429)
00| %1476 138%) 5703043547 486772700| 1| 1572,14419 0] 2756798901 1 2,756798901 3440088 3457676716 1206446747 245,2003494]  245,893494) 981157397 24 239,597639] -1092,14528
2003| 10016939 4017 587 4134854 477554700| 1485,916493] 0 259592067 1 2529592067 297183099 326,0088113] 1159907681  231,9815363]  231,9815363] 927 9261451, 25| 213,6714958) -878 473781
204 10394906 3779 605,0358399) 471223300| 1) 1438376572 0 2377340907, 1 2377340907, 287675314 3148060643 1123550507) 2047101015  224,7101015( 8988404059 26| 195, 1664187 -683,307362|
05| 107469 U778l 623,186%666 455548600| 1 1363, 218716 0 2187495549 1 2187495549 6343 2977061042 106551522 131025043 213,1025043) 852,4100172 27) 174,5260975] -508,781265
006| 11069757 37067 £41,8825756 447699000| 1| 1304741 0 205718939 1 2,05718%539 64048240 287,7230089]  1033,750201  206,5500422|  206,5500422] 826,2001689 28] 159,5094581] -349,271807
2007 11379174 309417 661,1390529) 439238000| 1| 1286,691886 0 1946174379 1 1946174379, 257338377 2197462953 100694559  201,3891181)  201,3891181 8055564724 29| 146,6514896| -202,620317)
008] 11675520) 196346) 6809732245 430394000| 1| 16930703 0] 1863%0263 1 1,863%60263 153861406 7536499 9939420614 1987884123 198,7884123) 7951536491 30] 136,4994404] -66, 1208766
009] 11950347 1707 7014024212 390908000| 1| 1212451116 0] 17,28609825 1 1,728609829 WA 26050413 w961y 189989237 189,989237) 759956948 31{ 123,0150172] 56,89414058
2030 12213791 263444 720,4444939 5195000 1| 1197,009852 0] 1657012909 1 1,657012909 BOMGT|  2REATIN  93BASITRGT 187690479 1876905479 7507621917 3| 114,5937317) 17,8787
2031] 12465869 25078 7441178287 1179,815872, 0 158552919 1 1585522919, 235963174 254.4039265) 9254119456 1850823891  185,0823891 740,3295565 33 106,5547671] 278,0426393]
030 12708283 U3 766441363 1168284962 0 1524097901 1 1,524297901 133656390 51420693 9168606927 1833721385 183,3721385) 733 4885541 34| 99,54752439] 377,5901637
03| 12938343 10130) 7894346045 1142,686189 0 1447474153 1 1447474153 RSB USASSYT| 897206734 179A453465| 179, 4453465) 7177813859 35| 91,85835035] 469, 4485141
2034 13163144 24801 8131176426 1149712367 0] 14,13955751 1 1413955751 99T U6A%67| 032163003 1806432761 180,6432761) 722,5731043 36| 87,19620213) 55%,644716
2035 13379649 216505 8375111719 1140,50179, 0 1361775481 1 1,361775481] 28100436 244079%6) 8964222127 1792844425  179,2844425( 717, 1377702 37 81,60329609| 638,2480123
2036| 13588541 20889 862,636507 1133 410473] 0 1313891151 J! 1313891151 26,63005  242,1348974]  891,2755761)  178,2551152]  178,2551152] 433,0204609) 38] 46,46252947| 684,7105418)
2037] 13590219 1678 883,5156022 9377662418 0] 01055430 1 0,010554302 187553248 2991629811 6,386032607) 12772062 1,277206521 5108826086 39| 0,5168%8031
SUM | 6847105418
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12.6.5 Sensitivity Case: -40 % of Investment Cost

EXPENDITURE
INCOME OPEX CAPEX
DATE FOPT |voloilperyea  oilprize  |Volgasperyear| Gasprize |oilincome  |Gasincome |Field / offshore |C02- duty ‘Gasoi\ I Subsea/platform [Productionunit |Drilling  [abandon  [Cap Allowance| royalty |Fiscal allowance| Taxable income Tax Nettax | cashflow | i NPV | cumNPV
(w3 [sm3 UsD/BL) 5m3 (centspergallonf(wmiok)  [wwok)  [wwor)  [(wwo)  [(wwok) (MNOK) [MNOK) (oK) [owwo) [wok) [ok) [ovwox)  [vwox) {ok) k) ivvok) (MNOK)  |{MNOK)
1999) 182525,08 18252508 039 40878 1108333333 147340508 0] 1148048214 1 1,148048214 2100) 90 618] 294681016 661,0966319) 5137561241  -102,7512048]  -102,751224¢| -2883,0049 1| -2718,53362) -271853362
2000] 33053316 148008,08] 3.9 62183542| 1384 1915320749 0 9300428157 1 093042816 618| 3306435 667,546806)  -476,014631  -95,20092621]  -95, 20090621 237,1882952 2| 210,8977313] -2507,63588)
2001] 538899,12 208365, %] 2803 103837010| 1393333333 220413759 0 1310582459, 1 1310582459, 618| 440827516 677,4991587)  -457,0854006]  -91,41708013|  -91,41708013f 252,3316795 3| 211,5630209| -2296,07286)
002 773933000 23503388 73 174349490| 1365] 2424146889 0 147831863 1 147831863 618| R4819378) 683 TAMADT| 413097538 -8,26595076|  -88,26595076] 264936197 4] 209,4587978] -2086,61407)
2003] 10505896 276636,6) 247 231690460| 15 339009723 0 1740117662 1 1,740117662 618] 67,8010446]  705,3432389)  -366,9335159]  -73,38670318  -73,38670316| 3244531873 5| 241,8792875) -1844,73478)
04 15292995 4787099 297 245407810| 1803333333 776,2946497] 0] 30,1099468 1 3,01099463) 15525893 1893798715 5869147782 1173329556  117,3829556] 469,5318226 6| 3300861556 15146682
2005| 20169845 437685 55,21 21307940, 31 1016, 12083 0| 30,67446366) 1 3067446366 203204457 2379663666  778,1559164] 1556311833  155,6311833f 622,547331 7| 412,6500488) -1102,01857
006 BIBTI| 375395 6236 247841249 0| 88347057 0 361411 1 236114779 76680411 2036620371 6797850199 135957004 135,957004] 5438280159 8] 339,9195899) -762,098%84|
2007 73395 3400175 B6,66 132349459 300| 855,372747 0] 2138645734 1 2,138645734 17,0745 1955996526 659773095 131954619 131954619 52781847 9| 311,0917778] -451,007206)
2008| 29267025 194308 9135 210171400 300| £69,8661981 0 12,2216051 1 122216055 139734 WBAL00S7| 21491924 1042898385 104,2898385) 417,1593539 10] 231,8436779| -219,163528
2009 29267025 () 60 0 300| 0 0 0 1] 0 0 ) -1 -0 0) -1 11] 052406191  -219,68759)
2010] 30916082 164905, 400 -51295890) 300| 414890059 0 1037225648) 1 1,037225648 8,9780518)  95,387533%| 3195027252 63,90054504]  63,30054504] 2556021802 12) 126,3096348] -93,3779552)
01| 3659698 568089, 4 7A00400) 300| 1472149065 0 37317738 1 35731773 19009813 BATATER| 1137414301 2274828603 227,4828603] 9099314411 13) 424,0039715] 330,6260163
2012] 4229853 570155 424,36 -235126510| 300| 1521, 825854 0 358616706 1 3,58616706) 304365071 3448130084 1177012845 235402569  235,402569| 941,6102761 14) 413, 7345311 744,3605475|
01| 474979 519876 4370908 -219673000| 300| 1429,252676) 0 32,69921664) 1 3,269921664 285850535 322,819735 1106433003  221,2866005  221,2866005) 8851464021, 15| 366,7372428)  1111,09779
Nl4| 5199452 4973 450,20354 -197355000| 300| 1273478359 0] 28,28672569 1 2,828672569 DA6%672 28681107 96667088 1973334578 197,3334578] 789,3338311 16] 308,332661] 1419480451
05| 56979145 498465 463,7096297 24858700| 300| 1453838569 0] 313534801 1 3,135234801 200) 450 570 290767714 896,552966] 5575832722 1115166544 1115166544 -1833,93338) 17) -675,619409] 743 8610423
2016| 6480866 7829515 477,6209186) 719654400| 300| 12352,099989) 0 4924616777, 1 4,924616771) 570| 470419998) 1095590782 1256,509207| 2513018413  251,3018413) 1575,207365 18] 547,1994125( 1291,060455|
17| 716309 £8223)] 491,9495462 666976200| 300| 2111,009706 0 491018 1 4291110182 570[ 420,201941] 1040404153 1070605553 2141211106 214,121110| 1426, 484442 19) 467,26607%| 1758326534
01| 76822295 519131 506,7080326 528222200| 300| 1654,522779 0 32,6538 1 3,26523%9 570 330,904556| 9378221837 7Ti6, 7005952 143340119 143340119 1143 360476| 20] 353,1585446| 2111485079
2019| 81922075 509978| 521,9092735) 517110300| 300| 1674110171 0 3207665117, 1 3,07665117) 570) 334822034 9411063505 7330038205  146,6007641  146,6007641) 1156,403056) 21| 336,8100958] 2448,295175|
000 869013 503805, 5375665517 508983800| 300] 1703 463069 0 316884106) 1 3,16834126) 30692614 3765498677 1326913201 2653826403 265,3826403) 1061,530561 12) 291,5396977] 2739834873
01| 9176470) 480457] 553,6935483 491506700| Bl 1673583 0 3021983613 1 3021983613 334650566 368,8923857 1304360444 2608720888  260,8720888( 1043488355 23] 270,2353326] 3010,070205
00| %14766) 138329| 5703043547 485772700| BY 157,21449 0] 27,5798%01 1 2,756798%01 3144428840 3457676716 1226446747 245,2003494]  245,2893494) 9811573974 24 139,597639] 3249667844
203 10016939 40173, 5874134854 477554700| 31| 1485916493 0 252959207, 1 2,529592067] 297183299 326,0088113) 1159907681 2319815363  231,9815363{ 927 9261451 25| 213,6714958| * 3463, 33934
2004] 10394906) 377%]] £05,035889%9 471223300| Bl 143337657 0 B3,77340%7 1 2377340907 675314 3148060643 1123550507 2047001015 224,7101015) 898 8404059 26) 195,1664187] 3658505759
2005| 107460) U778 £23,1869666 455548600| BI 1363218716 0 2187495549 1 2187495549 6343 2977061942 106551522 2131005043 213,1025043] 852,4100172 77) 174,5260975| 3833031856
2026| 11069757 327067 641,8825756) 447699000| Bl 1304741 0 2057189539 1 2,057189539) 264094824 287,730089|  1032,750211]  206,5500422  20,5500422] 826,2001639) 28] 159,5094581 3992, 541314
2007 11379174 309417 661,1390529 439238000| 31| 1286,691886 0 1946174379 1 1946174379, 257338377 2197462953 100694559  201,3891181)  201,3891181 8055564724 29| 146,6514896| 4139,192804
2008| 11675520) 196346) 6809732245 430394000| BI 126930703 0] 18,63%0263 1 1,863%60263 0538614060 17536499 9939420614 1987884123 198,7884123) 795,1536491 30] 136,4994404] 4275,69244
2009| 11950347] 1727 704024202 390908000| B 11245116 0] 17,2860 1 1,728609825 M0 2605049313 M9M61ss| 189989237 189989237 759956948 31) 123,0150172] 4398,70726
2030] 1213791 263444 720,4444939) 5195000 31 1197,099852 0 1657012909 1 1657012909, 2941997)  2586471124) 9384527397 1876905479 187,6905479 750,7621917) 32| 114,5937317| 4513,300993]
2031] 12465869 252078 T44,117828] 1179,81587) 0 1585522919 1 1,585522919 Bo9G3ITA) D5AA030065] 9254119456 185,0823891]  185,0823891) 740329556 33) 106,5547671]  4619,85576
03| 12708213 2134 766, 4413635 1168284962 0 1524297901 1 1524297901 233656992 2514242693 9168606927 1833721385 1833721385 733 4885541 34) 99,54752439] 4719403284
2033 12938343 230130 789, 4346045 1142,686185) 0 1447074153 1 1447474153 2853731 USA50452]) 8972067304 1794453465 179,4453465) 717,7813859) 35| 91,85835035) 4811,261635
2034 13163144 24801 8131176426 1149,712367, 0 1413955751 1 1413955751} 994473 2464959867) 9032163803 1806432761  180,6432761f 7225731043 36| 87,19620213] 4898 4578317
2035| 13379649 216505 8375111719 1140,502179) 0 1361775481 1 1,361775481] DBI00436| 20407996 896420127  179,2844425  179,2844425) 717, 1377700 37| 81,60329609) 4980,061133
2036| 13588541 20889 862,636307) 1133410473 0 131389115 1 1313891151 120 266809 242,1348974] 8912755761 1782551152 178,2551152] 593,0204609 38] 63,63032034] 5043,691453
2037| 13590219 1678 883,5156022) 9377662413 0| 0,105543005) 1 0,01055430) 187553248 2991629811)  6,386032607| 1277206521  1,277206521) 5,108826086) 39) 0,516898031
SUM | 5043,691453
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13. Appendix C: HPHT Packer

HE-1 Packer Primary Flat-pack

Ausiliary Flat-pack

Consisting of Consisting of
Flat-pack 1x Electrical Line 1x Electrical Line
Consisting of Common 1x Hydraulic Line 1x Hydraulic Line

dx Hydraulic Lines Close Ling
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Fone 1 Interval Control Vahee
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w/ Shoot-Around Assembly
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HPHT Production Packer [5]

Compatible element package
Feed-through capability

Retrievable

High-tubing tension / compression loads
Compatible elastomers

Elements for a packer to be used in an HPHT smart completion are as below:

Compatible element package
e HPHT wells require heavy completion brines such as zinc bromide or cesium
format primarily for well control purposes. Such brines are corrosive in nature.
Conventional packing elastomers such as nitrile or HNBR are not suitable for
these environments. Fluroelastomers or perfluroelastomers will be the material of
choice to combat the high corrosive nature of these completion fluids as well as
the high temperature.
Feedthough Capability
» To bypass hydraulic or electrical lines from surface to downhole valves or gauges.
Retrievable
» The ability to retrieve the packer in any eventuality without having to resort to
fishing or milling operations.
High tubing loads
» The operating envelope of these packers would have to be able to handle high
tension and compression loads created due to significant pipe movement during
the life of the well. These loads tend to be excessive particularly when high
temperatures are combined with high operating pressures
Compatible Elastomers
» Surface pressure tests prove difficult since high temperature elastomers may not
seal at ambient temperatures.
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[bookmark: _Toc260659353]Abstract





In this project, we did literature study to answer point no.1 and no.4 as problem description in Appendix A, reservoir simulation with smart well and inflow control device technology and economic calculation to answer point no.2 and no.3 as problem description in Appendix A. 


In literature study, the report includes introduction to smart well and ICD technology, equipments of Smart well and ICD, design consideration, advantages and disadvantages these technologies. The mainly advantage of smart well is better in reservoir management and optimization in production and injection however the disadvantage is the complexity of well completion and the cost per well is higher than conventional well. The advantage of ICD is self regulating but the big drawback is the low bottom hole pressure. 


To improve oil recovery in Gullfaks South, we will drill a multilateral well with 5 branches. Then to optimize oil recovery, we will try to use smart well and/or ICD well to get better reservoir management which reduce early gas breakthrough so reservoir pressure can be maintained to get higher recovery factor. But, we will consider executing the projects based on the NPV project. 


In the simulation part, since the main problem from the reservoir is significant high GOR which is about 14000 Sm3/Sm3, we use smart well and ICD to overcome this problem. In the extended case we add 4 producer wells with 7 branches but in this task we have to add a producer with 5 branches. In order to easily compare to the extended case, we choose 5 branches from 7 branches in the extended case by selecting the branches that has a high performance. Finally we choose W1, W2W3, W4W5 to make a 5 branches production well with new name ‘RONALDO’. We make the new well ‘RONALDO’ to be a smart well by dividing the well into 200 segments and control the gas production by shutting the segments which have GOR higher than 10000 Sm3/Sm3. In ICD, there are 200 segments in the tubing and 199 segments in the ICD. We assume our ICD model is a channel type and use the value of the strength of ICD which is 0,00021 bar/m6. 


After running the simulation, we found that oil production in smart well case and ICD are higher than oil production in the extended case. Moreover the gas production and water production of smart well and ICD are also lower than extended case which are positive results by using smart well and ICD. The ICD case produce a bit more oil than in the smart well case. 


We assume consistently comparison well cost in extended case and ‘RONALDO’ case, so we assumed it can be compared. We consider only net present value in economics evaluation and assume the cost of both smart well and ICD is same as a normal well. The payback periods of extended case which is in 2017 is shorter than the payback periods of smart well and ICD however at the end of simulation in 2037, both smart well and ICD has higher Net present value than extended case. The best alternative is ICD with the platform which returns highest net present value that is 2864 MNOK. Thus the ICD with platform case is the most recommended case to be done in the project considering particular our assumptions.


Based on sensitivity calculation the three projects, the NPV change is very sensitive to oil and gas price, hydrocarbon production, and investment cost. But, in this project we assume to consider NPV only to make decision. 


We have three recommendations: 


1. Further check ICD model because several segments in branch 3, 4 and 5 are gray in ECLIPSE 100 


2. Adjust cost data and economic assumptions of smart well and ICD well to reality economic value to get better representative economic evaluation


3. Change the location and observe the result in the simulation to get maximum oil produced 


We also add a part as additional work report which is part 9 as Statoil’s suggestion to observe effect of ICD strength and further check from our group about our models. 



1. [bookmark: _Toc260659354]Smart Well Technology





1.1 [bookmark: _Toc260659355] Motivation[footnoteRef:2] [2:  [1, 2]] 



Oil and Gas have long been the energy source for the contemporary world. With the increasing demand of this kind of energy supply in the past few years as shown in figure 1, the limited resources of fuel energy have created countless problems and obstruction towards the economic growth. An important challenge in this current situation is to maximize recovery at a profitable rate.


[image: C:\Users\Masoud\Desktop\Untitled.jpg]


[bookmark: _Toc260421231]Figure 1: Demand of Energy


One of the aspects of new petroleum engineering technologies is to ease the production of new reservoir or increase the production rate. Slanted and horizontal well technology was developed in the early 1920’s but was rarely used until the 1980’s, after that new advancement in this technology, causes horizontal wells are common anymore. The industry is eager to consider new technology but with careful view till the technology is proved both theoretically and operationally. 





In recent years, decline rate of reservoirs have increased. At the same time, reservoirs are becoming more complex. They are smaller, tighter and more remote. As a result, reservoir recovery rates are less than 35%. The goal of many operators is to increase recovery rates to 60% [2].One of the new technologies that have appeared in the past 10 years is called “Smart Well Technology[footnoteRef:3]” or “Intelligent Well Technology[footnoteRef:4]”. 
 [3:  (SWT)]  [4:  (IWT)] 



1.2 [bookmark: _Toc260659356] Smart Well Definition








1.2.1 [bookmark: _Toc260659357]Schlumberger’s Definition


A well equipped with monitoring equipment and completion components that can be adjusted to optimize production, either automatically or with some operator intervention. Figure shows the dynamic process of the Schlumberger model [1].


[image: ]


[bookmark: _Toc260421232]Figure 2: Schlumberger’s Model for Smart Well Technology Process





1.2.2 [bookmark: _Toc260659358]Well Dynamics’ Definition





Well Dynamics defines a smart well as a well that combines a series of components that collect, transmit and analyze completion, production and reservoir data, and enable selective zonal control to optimize the production process without intervention as shown in figure 3[1].


[image: ]


[bookmark: _Toc260421233]Figure 3: Well Dynamics Elements of Smart Well Technology





1.2.3 [bookmark: _Toc260659359]IWRG[footnoteRef:5] Definition [5:  Intelligent Well Reliability Group] 



IWRG defines an intelligent well as a well equipped with means to monitor specified parameters (e.g. fluid flow, temperature, pressure) and controls enabling flow from each of the zones to be independently modulated from a remote location (e.g. at the wellhead, or a nearby offshore platform, or a distant facility)[1].





1.2.4 [bookmark: _Toc260659360]Baker Hughes’ Definition





Baker Hughes defines an intelligent well as implementation of fundamental process control downhole. Intelligent wells enable surveillance, interpretation and actuation in a continuous feedback loop, operating at or near real-time [1].





The first smart well was installed in August 1997 at Saga’s Snorre Tension Leg Platform in the North Sea; more than 300 smart well have been installed all around the world, from mature land assets to deep water off the coast of Brazil [2]. To control flow from many laterals or zones utilizing down-hole control valves is the main aspect of the smart well technology [1].


 SWT gives appropriate access to the operator to remotely monitor and control down-hole fluid production or injection without physical intervention. These facilities allow the optimization of hydrocarbon production, well utilization, and reservoir management processes. Electrical control systems and electronic sensors were applied at the early stages of development but the use of these equipments and systems decrease due to their poor reliability. With innovation in fiber optic sensors and hydraulic control systems the reliability of sensors and control systems have significantly improved, and the market adoption of this new technology is accelerating [2, 3].


Sensors and valves can be controlled independently; therefore, they can be employed in projects involving different objectives, such as production control of gas and water, production by different zones in stratified reservoirs, and margin fields, among others. They can be added flexibility to fields by allowing operation of valves to control production. This flexibility can be used, for example, to maximize NPV[footnoteRef:6], to relieve risk, to improve oil production, to control water production or a combination of these objectives [3].  [6:  Net Present Value] 






1.3 [bookmark: _Toc260659361] Elements of Smart/Intelligent Wells


The typical smart completion consists of:


- Inflow control valves[footnoteRef:7]; [7:  (ICV)] 



- Permanent downhole gauge[footnoteRef:8];  [8:  (PDHG)] 



-Distributed temperature sensing[footnoteRef:9]; [9:  (DTS)] 



The earliest DTS system installations consist of both types of single ended and double ended fiber optic cable. The recent DTS installations were done with a pre-installed fiber. In recent type the optical cable can run together with the completion string, so it doesn’t need to pump down the fiber after completion [4].


Typical Downhole flow control devices being used in the industry are sliding sleever or ball-valve. Based on position of valve, there are different types of ICVs, such as binary control (on/off), discrete positioning (a number of present fixed positions) or infinitely variable. For operating of these valves, hydraulic and electric systems are needed. Another type of downhole control device exists which name is Inflow Control Device[footnoteRef:10]. ICD is typically installed and combined with a sand screen in an unconsolidated reservoir. The reservoir fluid runs from the formation through the sand screen and into the flow chamber, where it continues through one or more tubes. Tube lengths and IDs (inner diameter) are designed to induce the appropriate pressure drop to move the flow through the pipe at a steady pace [4]. [10:  (ICD)] 
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[bookmark: _Toc260421234]Figure 4: Smart well completion


As shown in the figure above, three main components required for a smart well HPHT[footnoteRef:11] completion: [11:  High pressure/High temperature, wells deeper than 4000mTVD and/or wells that have an expected wellhead shut-in pressure bigger than or equal to 690bar (10000psi), and/or wells with temperatures higher than 150degC.] 



(a) HF-1 Packer: A production packer with the capability to feed through multiple hydraulic control line or TEC lines


(b)  Interval Control Valve: A valve to control flow to or from the reservoir (i.e. injection or production)


(c) Permanent Downhole Gauge Cluster: A gauge package for data acquisition (i.e. pressure / temp) [5].





Sensors can be classified in:


· Single-point, where the process variable is monitored in a single point in the well (typical case of the Permanent Downhole Gauge, the PDG) or in several points but in a very low density (e.g. one point per interval);


· Quasi-distributed, where the variable is monitored in several points, in a high density array (e.g. several points per interval);


· Distributed, where the variable is monitored along the whole well on a given spatial resolution (e.g. measurement per meter as in most Distributed Temperature Sensors, DTS) [6].


-Downhole electronics provide real-time pressure and temperature measurements from gauges deployed close to the sand face. In parallel of these systems proved their value, the industry created additional parameters for monitoring in this system, such as flow rate and water content. These downhole sensors can be reached to perfect state by the initial development of electro-hydraulically actuated flow control systems. “The oil field environment and downhole temperatures specifically, have introduced a fundamental challenge for these electronic systems whose failure rates approximately double with each 18°F (10°C) increase in temperature. Since smart well systems are essentially inaccessible once deployed, their value is directly linked to their longevity. Those early systems were soon abandoned due to their low reliability [2]”.


Various types of downhole sensors are used to control well performance by regarding to different zones. Single-point electric quartz crystal pressure and temperature sensors are multiplexed in a single electric conductor with accurate measurement of pressure and temperature for each zone.


- Optical fibers are used for measuring temperature and throughout the length of a wellbore.  In years, Single point fiber optic pressure transducers are available but after 2003 multipoint or distributed fiber optic pressure sensing is being used and developed.


- Downhole flow meters work based on venture systems, or pressure drop correlations across flow control devices. New generation of flow meters based on passive optical fiber acoustic sensing are being developed. There are other sensors are being used such as water cut sensors, fluid density meters, micro seismic arrays, formation resistivity array and downhole chemical analysis sensors [4].


1.4 [bookmark: _Toc260659362] Smart Wells Controling Methods


There are two different kinds of controlling the inflow to a well including “Passive” and “Active” ways. If drive mechanisms of a well are well defined and configured as well as the reservoir geology then we can apply passive controlling method effectively.  Therefore we can predict the inflow by using reservoir and well models assuming that the predicted inflow does not change dramatically during production period.  Afterwards, we can maximize the hydrocarbon production by optimizing the inflow profile along the well by using special and fixed controlling devices installed previously. Active methods are divided to Reactive and Proactive methods which I am going to discuss about them in the following paragraphs [7, 8].


Active Methods


We can apply Active controlling methods by using Inflow Control Valves (ICV) which is installed in an intelligent well. We can optimize the inflow profile along the well by considering the monitoring data gathered from downhole sensors and the predictions of the reservoir and well models in order to be able to change the settings of these valves. Active controlling methods can be divided in two parts which are “Reactive” and “Proactive” ones.






1.4.1 [bookmark: _Toc260659363]Reactive Control Strategies


 In Reactive methods, we can change the settings of inflow control valves with respect to the adverse changes in flow like the flowing of unwanted fluids which are measured within the well or the reservoir.


1.4.2 [bookmark: _Toc260659364]Proactive Control Strategies


These strategies which are called defensive strategies too, change the settings and the status of ICVs with respect to variations in flow that are measured within the reservoir but a certain distance away from the well. The major advantage of proactive strategy is that it can detect potential problems like incoming of unwanted fluids and prevent them from influencing on the production of the well. 


Since the optimal response of the ICVs within a well, changes over the time, it can be an important challenge lying under proactive and reactive strategies, which is how to determine it. Considering a single well, making a balance between the demands of short term production recovery or NPV optimization and the long term ones can hard to do. The problem can be more challenging in cases of having multiple wells.


Among different controlling techniques to optimize the production of a simulated intelligent well, reactive and proactive methodologies have shown significant results in many production scenarios including the value added to the final outcome. On the contrary, these strategies are highly depended on the prediction models of the reservoir or the well, and therefore are uncertain to rely on. So we can say that the risk involved within these strategies is somehow high since these models are not strong enough to show the exact behavior of the reservoir. By taking a look at recent researches done about this, we come to this conclusion that it is better to update these models periodically based on the data acquired from the well. Therefore we can use the data to determine the best response over a fixed time interval until the next update. But, as I have mentioned above, this updated models can result in a poor control and can misconduct us. Therefore it is better to use a certain number of models to achieve our goal which is somehow expensive to gain [7, 8].






1.5 [bookmark: _Toc260659365] Intelligent Well pros and cons


A Summary of pros and cons used to evaluate smart well use is shown as follow [6]:


Pros


- Better reservoir management;


- Number of wells reduction in the field development plan;


- Production anticipation;


- Reduction of reservoir interventions;


- Production and injection optimization;


- Possible increment on ultimate recovery factor;


- Well equipment's condition monitoring;


Cons


- Increase in cost per well;


- Increase of well completion complexity;


- Possible increase of interventions due to equipment failures;





1.6 [bookmark: _Toc260659366] Operational Risks& Challenges in Smart Well Completion[footnoteRef:12]  [12:  [4]] 



Considering torque and drag during running the smart completion components (hardware) is of great importance besides the need for justification of implementing smart well completion. While running smart equipments, “Junk in Hole” from drilling side of field development is the only problem. In this case, preventing equipments to get stuck whenever erratic torque and drag are detected is done in two steps, pulling all equipments out of the hole and then flushing the hole by means of coil tubing (CT) or other convenient tools.


The next challenge that should be solved after installation is failure and in a smart well, it is defined as the inability to cycle the valve to the expected situation. Loss of communication or physical failure (valve stuck or jammed) would lead to this condition. 


Reliability is the most significant challenge in smart fulfillment. By increasing the number of the installed valve systems, the reliability will be enhanced. Implementing this method by Shell Company resulted in having no failure since 2002. A statistical analysis about well dynamics installation (mini-direct and digital hydraulics) in Shell based on the number of the failures presents a probability of 96% survival of zonal control system after 5 years and an estimate of the probability of 85%-90% over a period of 10 years since their first installation within Shell.


To monitor the reservoir without disturbing the production, Smart completion equipments will be left after well abandonment. Therefore, during casing cutting and setting abandonment plug or retrieving wellhead, there is a risk of sensor cable damage. Using cable-less power and communication systems leads to reduction of this risk. Nevertheless, lifetime of battery pack deployed downhole restricts the lifetime of overall system in this new configuration.


1.7 [bookmark: _Toc260659367] Smart Well Technology in Gullfaks Sør from SPE Paper [9]	


Smart Well Technology was applied to a Horizontal Subsea Well at Gullfaks Sør. 


The well experienced gas breakthrough after a short time. In the reservoir management plan, the reserves were reduced from 12,6 mill Sm3 in the PDO to 3,0 mill sm3 based on the gained production experience. Since 2002, qualifying the use of smart well technology to increase the recovery. The main focus for the GF Sør Statfjord Formation Reservoir heterogeneity and gas breakthrough limited the production. Consequently, surface operated downhole inflow control and multilateral wells were recognized as possible solutions for future wells.





In this paper[footnoteRef:13], the solutions made for the fourth horizontal subsea well drilled in the GF Sør Statfjord Fm. late 2003 is described.on the other hand, to maximize the number of drainage points in reservoirs with limited economical reserves, the need for cheaper well and drilling solution from floating drilling units is designated . [13:  More information about the paper was on Smart Well Technology Applied to a Horizontal Subsea Well at Gullfaks Satellites, Svein Oddvar Netland, Vibeke Haugen, Bianc Samsonsen, Per Kr. Krogh, Statoil AS , SPE Annual Technical Conference and Exhibition, 26-29 September 2004, Houston, Texas
 ] 







2. [bookmark: _Toc260659368]Inflow Control Devices 





2.1 [bookmark: _Toc260659369] Introduction to Passive Inflow Control





Controlling inflow into long, extended-reach horizontal wellbores has received significant attention within the past decade.  A considerable amount of test data and actual field installations have shown that balancing inflow over the entire production interval results in enhanced oil Inflow control aims at even inflow distribution.  


The ICD completion solution is particularly associated with horizontal and multilateral wells.  This completion promotes extended reservoir contact (ERC) and lower draw-downs due to a uniform distribution profile (Figure 5). Uneven drawdown leads to non-uniform inflow rate and areas of higher drawdown can increase the chances of sand failure.


Inflow control Devices, or ICDs, is a choking device installed as part of sandface completion hardware, developed to improve the well performance and enhance the well reservoir management. The ICD provides a controlled pressure drop which is a function of flow rate. An ICD is a passive flow restriction in the fluid flow path from the reservoir into the flow conduit. An ICD has ability to equalize the inflow along the well length is due to the difference of the physical laws governing fluid flow in (1) the reservoir and (2) through the ICD [23]. 





[bookmark: _Toc260421235]Figure 5: Well performance of well in terms of GOC and OWC


2.2 [bookmark: _Toc260659370]  Well Life Inflow Control Requirements


An ICD must exhibit certain performance features during each phase of a well’s life.  Performance in all the production stages (years) of a well’s life are characterized by some production phase.  This is described in detail in Figure 6. 


[image: Life.png]


[bookmark: _Toc260421236]Figure 6: Timeline of passive ICD performance [13]


The timeline above depicts the desirable passive ICD performance features required to effectively produce and control the influx during the life of the well. 


From startup, the ICD has a high level of plugging resistance for completion fluid. If the device has too small of a flow area, it may plug during this period. Thus a large flow area capable of producing fines and solids with minimal plugging potential is desired.


During peak production, the ICD will be exposed to high flow rates and must be erosion-resistant. If an ICD is not able to maintain a uniform flow in a completion, increased localized production will occur and lead to premature water or gas breakthrough. 


During declining production, an ICD must continue to provide inflow control. If at this stage it has eroded or plugged, it is deemed ineffective. At eventual water onset, the ICD should provide an increase to flow resistance.






2.3 [bookmark: _Toc260659371] Passive Inflow Control Devices Reducing Heel to Toe Effect


The ICD is essentially a flow restriction device integral to each screen joint.  By restricting free flow into the screen a normalizing effect is created by which all screen joints contribute equally to the production inflow.  The tendency for greater production from the heel of the wellbore is eliminated[footnoteRef:14] with a passive inflow control device. [14:  By eliminating the undesired water/gas breakthrough into the wellbore] 



2.3.1 [bookmark: _Toc260659372]Heel to Toe effect


The ICDs have been developed to reduce the impacts of heel to toe pressure drop in order to minimize the toe to heel effects balancing the inflow profile. The heel to toe effect is a result of the friction pressure drop causing a variable draw-down along the well.  In the heel of the well, the fluid meets less resistance compared to the fluid from the toe, because this fraction is also exposed to friction pressure drop along the length of the completion interval. 


The high pressure at the heel section often causes a breakthrough of water and gas, and an uneven sweep of the drainage area. Consequently, this affects the production rate and the total oil recovery.


Frictional pressure drop in the horizontal completion causes the inflow to be distributed unevenly and to be greatest at the heel of the horizontal well. 











 (
Figure 
7
: Heel-Toe structure of a Horizontal well
)	








The primary reason for developing inflow control device technology is to counteract the heel-to-toe effects. The ICDs can restrict the flow by creating an additional pressure drop for balancing the wellbore pressure drop. 


2.4 [bookmark: _Toc260659373] Passive ICD Consideration Factor


2.4.1 [bookmark: _Toc260659374]Reservoir modeling


Reservoir modeling is applied for determining optimum vertical placement of the oil lateral and the orientation of the gas lateral as they affect the total recovery. Modeling of the near-wellbore fluid flow and simulations of flow in the completion are important measures for predicting the well behavior. A complete design of the passive inflow control devices depends on the results of well simulations and modeling techniques.


Reservoir modeling may prove to optimally control the commingled production and equalize the inflow from multiple layers in a reservoir. The uncertainties in the reservoir description are afflicted by many factors which affect design of the ICD completion. Also having sufficient knowledge about the reservoir pressure, the oil/gas saturation and the geology is important for appropriately designing the well completion.  Understanding the formation permeability and productivity variations depend on the efforts of modeling. 


2.4.2 [bookmark: _Toc260659375]Reservoir condition and recovery challenges


Horizontal wells can increase reservoir hydrocarbon recovery, but they also pose unique reservoir challenges. Without proactively managing inflow, destructive erosion of the sandface or early gas breakthrough is likely. 


The reservoir conditions are dynamic since the initial conditions of the reservoir do not stay the same. Changes in fluid viscosity, density, and velocity may occur under different circumstances. The ICDs are installed permanently upon the completion of a well based on the initial reservoir conditions and some predictions of the reservoir performance. 


The reservoir conditions have a major impact on the total recovery. The oil production rate is typically affected by the reservoir heterogeneities and the heel to toe effect, causing more imbalanced production profile. 








2.4.3 [bookmark: _Toc260659376]Annular flow 


An open annulus allow high rate of fluid inflow, after gas or water breakthrough from high productivity completion sections to result in high rate, annular flow along the whole zone. 


Annular flow occurs unless there is isolation packer installed in the annular space between the ICD and the formation sandface at every ICD joint. Annular flow will exist if an annular space is not reduced or packed with gravel or collapsed formation sand. 


Annular flow elimination is essential condition for achieving the regulatory effect if ICDs installed across heterogeneous formations. One method to fill the annulus outside the screen with gravel to support the formation is described in Augustine et al.  Another way to achieve annular flow elimination is by installing Swellable packers [10]. 








[bookmark: _Toc260421238]Figure 8: The annulus flow equivalent to a pipe lying besides the tubing [10]





2.5 [bookmark: _Toc260659377] Design Inflow Control Device


2.5.1 [bookmark: _Toc260659378]Design considerations


The ICD screens are either Orifice/nozzle-based (restrictive), Helical-channel/labyrinth pathway (frictional). Normally, the screens are not designed to prevent 100% blockage of all particles from the formation. During production, formation fines that are produced through the screen also pass through the ICD. These fines can and will erode an ICD over time if the fluid velocity is high enough and fines are in the flow stream.


ICD must be properly designed for to accomplish design purposes. Appropriate design for an ICD completion requires both good knowledge of the reservoir and the geology of the formation. Factors like permeability, reservoir pressure are critical for the design.  Passive Inflow Control Devices are permanent downhole components that passively provide a preferential flow condition for oil versus water. The PICDs are not adjustable once they are installed in the well, thus the inflow control system does not have any degrees of freedom to manipulate the flow path diameter.  The location of the device and the relationship between rate and pressure drop are fixed.  This makes the design of a well completion and inflow control devices more dependable on the structure of the well and the reservoir conditions.


A reasonable design of ICD completion may have promising potential to cut gas coning and water production as long as good zonal isolation across layers and sections exist. The zonal isolation delays the gas coning or water breakthrough and reduces annular flow capability. 


The design of the optimal ICD depends on the reservoir pressure, the oil/water saturation distribution and the limits of permeability.  The well characteristics often changes from initial flow input used to select the desired ICD. Hence, an ICD with automatic adjustment capability to compensate for changes in well inflow condition is desired. 


2.5.2 [bookmark: _Toc260659379]Reliability


The reservoir challenges may change in the lifetime of the well is a critical reliability issue. Likewise, the impact of an inflow control device is a function of time. Since a typical well with ICD can be in production from 5 to > 20 years (Garcia, 2009) the long-term reliability is a crucial to the wells performance. 


ICD reliability can be evaluated in term of erosion or plugging of the ICD flow restriction[footnoteRef:15]. The plugging resistance is crucial to the performance of completion. Sand deposition can cause ICD plugging. The plugging potential of the ICDs due to sand deposition can be reduced significantly with Stand- Alone-Screen[footnoteRef:16] (SAS). To ensure a minimum plugging risk, an ICD design process should take account of a minimum flow restriction diameter in case of an equipment failure for sand measuring or control. However, the sand deposition can be reduced by the utilization of gravel packs[footnoteRef:17].   [15:  Invalid source specified.]  [16:  (J. Augustine, 2008) The SAS completion prevents the production of sufficiently large sand particles that may plug the ICD’s flow restriction.]  [17:  ] 



A significant factor in the reliability of an ICD is its ability to maintain uniform and controlled influx over the well life. Typically for horizontal wells in uniform formations the flow normalizing effect created by the ICD delays the onset of gas and/or water coning along the whole horizontal section. However, there are uncertainties with respect to drilling accuracy, and in heterogeneous formations localized gas breakthrough will damage the oil production. This is due to many variable factors such as the permeability distribution, the sand thickness, communication to the neighboring aquifers and gas cap. 









2.6 [bookmark: _Toc260659380]Equipment to design a well completion with ICD


[image: packer.png]The completion designs vary a lot from one well to the next. Consequently, the equipment cost also varies due to the cost of purchase and installation.  In addition to the regular components; e.g. wellheads, tubing and accessories, the ICDs are installed with other equipments for adding the features to the completion. 
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Figure 
9
: 
Zonal isolation with packer (Statoil, Larsen)
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Figure 
10
: Annular packer
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 (
Figure 
11
: Swellable packers
)


 (
Figure 
12
: Standalone screen
)



The ICD screens are more resistant to plugging and erosion because the ICD modules reduce axial annular flow (in the screen/wellbore) to a negligible level [18].  


The ICD screens are usually combined with:


· Annular flow isolation in the form of Swellable packers (Figure 10)


· Gravel pack 


· Mechanical shutoff





2.6.1 [bookmark: _Toc260659381]Swellable packers 


Swellable packers use rubber around the packer that will expand when the hydrocarbons or water comes into contact. Expanding the rubber will ensure that the annulus is permanently sealed. Swellable packers are included to compartmentalize the reservoir sections below the fracture. 


The number of zones controlled with ICDs is only limited by the number annular flow isolation packers employed and the additional ICDs and packers (Figure 9). An ICD completion can potentially have as many controlled intervals as required.  


The use of annular packers can also provide the same annular flow constriction.  How to design a screen based completion depends highly on the reservoir properties but also on vendor’s philosophy.


2.6.2 [bookmark: _Toc260659382]Gravel pack


The ICD screens are gravel packed to restrict annular flow and give zonal isolation which optimizes regulation of reservoir heterogeneities. The gravel pack will assure efficient sand control by preventing annular flow and thus optimizing flow in the heterogeneous reservoir zones. The figure below, Figure 13 illustrates the packer installed with an ICD completion.


A successful installation of the ICD completion with gravel pack is performed by providing necessary zonal isolation. This characteristic has led to excellent field experiences in the use of these devices to control unwanted sand production.


[image: C:\DOCUME~1\ashish\LOCALS~1\Temp\msohtmlclip1\01\clip_image001.png]


[bookmark: _Toc260421243]Figure 13:  Gravel as zonal isolation (Larsen, Statoil)





2.6.3 [bookmark: _Toc260659383]Mechanical shutoff 


A mechanical isolation is effective if the PICD cannot control the reservoir heterogeneities or the mobility ratio[footnoteRef:18] where the water or gas will take the path of least flow resistance.  [18:   The water or gas will take the path of least flow resistance.] 



If a passive ICD completion is already in place and production logging tools detect water or gas production, then a mechanical shutoff technique with zonal isolation can be installed to improve the oil production from zones not already invaded by undesired fluid (e.g. gas or water). 


A mechanical shutoff technique need to be coupled with PICD completions to open or close zones with the least amount of intervention (reduced operational cost).Two mechanical shutoff options can be implemented: sliding sleeve with a PICD joint or a sliding sleeve assembly inside the PICD completions. 


These six design cases are potential options for water and gas control: (1) open annulus with standard screen,  (2) gravel pack with standard screen, (3) gravel pack with ICD completions, (4) gravel pack with sliding sleeve, (5) gravel pack and standard screen with sliding sleeve and  zonal isolation & (6) gravel pack with sliding sleeve and zonal isolation. An illustration of various completion designs is presented in Figure 14.


[image: PICD_screenwzone.png]


[bookmark: _Toc260421244]Figure 14:  Mechanical shutoff options for PICD and screen completions





The first case does require additional intervention to close the sliding sleeve.   The second case requires a second annular space with a sliding sleeve and PICD, which could promote additional pressure drop through the completion depending on the flow rate and therefore promote uneven influx through the completion.  Additional description of sliding sleeve PICD completions is given in [19].


2.7 [bookmark: _Toc260659384]Types of Passive Inflow Control Devices


Various types of ICDs are constructed with equivalent methods to obtain a desired pressure drop. The principles of design of ICDs are the same, even though the detailed composition may vary from one to another. The design premises depend on the reservoir conditions and the actual pressure drop desired for the inflow regulation. 


 The ICDs are designed to apply a specific differential pressure at a certain flow rate. The induced pressure drop across each ICD unit is based on the pre-set design depending on the reservoir conditions that are targeted for equalizing the pressure. The ICDs have a pre-set flux rate associated with the completion which matches the requirements for the reservoir. 


Many different Inflow Control Devices have been developed to fit according to the reservoir conditions and to give the desired pressure drop in the completion. Currently, there are three primary types of ICD designs in the industry: 


· Helical-channel/labyrinth-based inflow control device – e.g. Channel-type ICD


· Orifice/nozzle-based inflow control device – e.g. Nozzle-type ICD


· Hybrid/spiral-based inflow control device – e.g. Spiral-type ICD


The ideal solution is to provide the lower viscosity sensitivity of the restrictive device with the low erosion and high plugging resistance level of the frictional design. This means using the restrictive pressure loss mechanism while limiting the fluid velocity through the device below the critical level, which will minimize erosion potential. 


The most commonly used ICDs belong to two different categories of ICDs, the so-called Channel-type and Nozzle-type ICD [21]. These three PICD designs apply three different methods to generate a pressure drop. 


There are also variations of channel design and nozzle design. Even with different configurations, the basic principles of how the ICDs work are the same. The following categories are the main classification of the ICDs. 


 The ideal solution is to provide the lower viscosity sensitivity of the restrictive device with the low erosion and high plugging resistance level of the frictional design. This means using the restrictive pressure loss mechanism while limiting the fluid velocity through the device below the critical level, which will minimize erosion potential. 


2.7.1 [bookmark: _Toc260659385]Helical-channel-based ICD


The Helical-channel (Fig. 18), use surface friction to generate a pressure drop.  The Helical-channel design is one or more flow channels that are wrapped around (labyrinth form) the base pipe of the screen. This ICD is designed to create a pressure drop while the fluid travels a crooked pathway changing its directions numerous times. 


These designs provide for a distributed pressure drop over a relatively long area, versus the instantaneous loss using an Orifice. Using friction to create a flow resistance allows the use of a channel with a larger cross-sectional area than an Orifice-based ICD. This inflow device imposes a differential pressure by "means of" multiple helical channels through preset dimensions (diameter and length) at a specified flow rate. The Helical-channel based ICD reduces the chances of erosion and plugging.  This ICD form can cause problems in maintaining a uniform influx in wells where there is a larger difference between viscosities of the oil and produced water or gas. 


The Orfice-based and Channel-based ICDs are presented in the schematic illustration below:


[image: channel.png][image: ] (
Figure 
16
:
 A nozzle based ICD screen (Moen et. al., NTNU)
 
) (
Figure 
15
: 
Channel-based ICD screen (Moen et. al., NTNU)
)
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 (
Figure 
17
: 
 Existing helical (channel-based) ICD design creates the desired flowing pressure loss via friction as fluid passes through the channel(s).
)
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 (
Figure 
18
 
: 
 New hybrid ICD design uses a distributive restrictive geometry which is less sensitive to erosion and maintains the plugging-resistance flow area of the helical design.
)








[bookmark: _Toc260659386]


2.7.2 Orfice/Nozzle-based ICD


The Orifice/Nozzle-based ICDs use an instantaneous fluid constriction to generate a differential pressure across the device. This method essentially forces the fluid from a larger area down through small-diameter ports, creating a flow resistance.


The change in pressure while flowing is what allows an ICD to function. This ICD varies the Orifices/Nozzles with different flow characteristics and differential pressure. This configuration has multiple orifices to create flow resistance and an optimal pressure drop. 


The ICDs of this type have resistance that varies with the adjustment of open Orifices/Nozzles.  The Nozzles have arbitrary diameter to create flow resistance and to produce a desired velocity. Figure 16 illustrates the Nozzle type ICD.


This design is chosen to make it as easy as possible to allow the fluids to pass through. The nozzles are the only flow constrictions in the system.  This makes it easy to control the performance of the system.  An additional pressure resistance is generated in the device as fluid flows and passes through a number of preconfigured nozzles. An advantage of this ICD type is its design simplicity.





2.7.3 [bookmark: _Toc260659387]Hybrid/spiral type ICD


The Hybrid ICD is not a friction based unit. This design has a series of bulkheads incorporated in the design, each of which has one or more slots.  


 The primary pressure drop mechanism is restrictive, but in a distributive configuration, as described in [20]. 


This configuration is also found in a new design which is adjustable hybrid ICD design. The erosion-resistance level of the adjustable hybrid ICD is attributed to its large flow areas, which allow reduced velocities throughout the ICD. The main features of this ICD are displayed in Figure 17  above.





2.7.4 [bookmark: _Toc260659388]Halliburton and FlowReg ICD 


Different ICD vendors have different approaches when it comes to design. The unique design characteristics of individual screens have different average drawdown pressure and pressure distribution schemes [20]. 


In Halliburton’s EquiFlow ICD (Figure 20), the fluid flows through the five components: 1) production through screen;  2) into inlet tube; 3) across tube chamber; 4) into outlet tube; and 5) into the base pipe and then to surface. 


 Weatherford offers a similar solution for reducing early water or gas production in horizontal wells – the FloReg ICD (Figure 19), which can be supplied with choice of sand screens. The device enables a predetermined setting of  the desired pressure  drop  (heel-to-toe)  along  the  production  string,  using multiple  open  or  closed  flow  ports  to  provide  the  required reservoir management.  









[image: FloRegICD_Weatherford.png] 
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2.8 [bookmark: _Toc260659389] Advantages and Disadvantageseach PICD type 


2.8.1 [bookmark: _Toc260659390]Helical-Channel/Labyrinth- type restrictor


The ICD design best suited for a long service life uses a helical flow channel located in the screen assembly between the filter cartridge and the opening into the screen body.  The helical flow channel creates a very precise, and repeatable, pressure drop for a specified fluid density and flow rate.  The flow restriction is created by the fluid friction with the walls of the helical channels.  


The number of channels and their length can vary to create the desired flow restriction.  This design maintains fluid flow velocity relatively low, when compared to an orifice-type restrictor, and results in very small erosion potential.  This yields a product with a long service life.  


2.8.2 [bookmark: _Toc260659391]Orifice/Nozzle-type restrictor


The benefits of an orifice- or nozzle-based PICD is its simplified design and easier adjustment immediately before running in a well should real-time data collected during drilling the well indicate the need to change flow resistance. 


The disadvantage of the orifice- or nozzle-based PICD is the small diameter ports required to create flow resistance, which make it both prone to erosion from high-velocity fluid-borne particles during production and susceptible to plugging, especially during any period where mud flow-back occurs.


2.8.3 [bookmark: _Toc260659392]Hybrid/Spiral- type restrictor





Without the need to generate the pressure drop instantaneously, as with an orifice, the large flow areas of the hybrid PICD reduces erosion and plugging potential with a great amount.





Comparing the minimum flow area through the hybrid design to the existing helical design shows the hybrid design to be only slightly less than a three-channel PICD, but greater than a two-channel design. Since the amount of actual field experience with the helical design indicates no plugging problems during initial well cleanup and production, it is anticipated the hybrid design will also be plugging-resistant.





2.9 [bookmark: _Toc260659393]Benefits of passive inflow control device technology


Potential benefits associated with an ICD completion are 


· Optimize production


· Delay water progress and prevent gas coning in the reservoir. 


· Minimize/Eliminate annular flow and thus reduce the risk of sand production and subsequent erosion “hot-spots”.


· Improve well-cleanup and reduce the effect of formation damage cause by drilling of the well.


Passive control is effective when the distribution of formation properties such as permeability and connectivity to external drive, e.g. gas-cap, is well known. Passive control can be implemented in a variety of ways including liner completion with channel-based screens, branched liners as in multilateral wells, and cased completion with fixed chokes. 


2.9.1 [bookmark: _Toc260659394]Success factors of PICD Technology


With the ICDs it is possible to optimize the recovery, and gain higher production rate in terms of extended reservoir contact. Typically for horizontal wells in uniform formations the flow normalizing effect created by the ICD delays the onset of gas and/or water coning along the whole horizontal section. 


-Clean-up[footnoteRef:19] [19:  (S.L. Crow, 2008) PICD Clean up effect
 (S.L. Crow, 2008) (Birchenko, 2008)
] 



The passive inflow control completion, compared to other completions, has several benefits regarding improved oil recovery. The use of the ICD technology is significantly changing the clean-up performance. 





By using a proper nozzle setting, the sections difficult to clean up is stimulated as an additional pressure drop is applied to these sections until they start contributing with a proper flow rate. PICDs reduce the impact of high permeability intervals with an improved well cleanup and sweep efficiency.





PICDs can provide improved well clean-up reducing the effect of formation damage caused by the drilling of the well. ICD completion combined with sand control technology has resulted in significant savings for the operator and improved production in horizontal oil wells.


-Gas coning


Beside the clean-up effect, equalizing the flux along the well path, gives reduced coning effects.  Reduced annular flow reduces the risk of sand production behind the screen and subsequent plugging or erosion. 


ICD completions restrict gas influx at the onset of gas breakthrough due to the (relatively) high volumetric flow rate of gas.


-Plugging/Erosion[footnoteRef:20] [20:  (J. Augustine, 2008)] 



An ICD completion can contribute to minimize the annular flow and thus reduce the risk of sand production behind screen.  Cutting-down the amount of sand production, may subsequently reduce the plugging and erosion[footnoteRef:21]. This can effect optimize production and reduce the risk of sand production significantly, which in turn results in declining the plugging or erosion "hot-spots";  [21:  Erosion is expected to occur at higher permeability zones in heterogeneous formations. ] 



-Water coning 


Inflow control devices have the potential to delay the water production and the gas breakthrough.  ICDs can be good completion option for balancing oil and water inflow and thus delaying water coning. Mitigating the non-uniform production profile across the horizontal hole, especially in the big fractured reservoirs may result in premature water production.  


2.10 [bookmark: _Toc260659395]Challenges and Risk of Inflow Control


The ICD design has a significant impact on the performance of the system.  The risk associated with the backflow of the drill fluid is highly dependent on design details of the hardware.  The problems associated with pressure draw-down have an impact on the performance. 


Without inflow control, a pressure drop along the well bore makes the draw-down higher in the heel than in the toe.  This favors cleaning of mud cake from the heel, which reduces the draw-down available for cleaning of the lower sections.  The draw-down available limits the maximum flow rate for clean-up, and thereby limits degree of removal of mud cake.  


-Pressure drawdown[footnoteRef:22]  [22:  (L.-B. Ouyang, 2006; Ouyang, 2009) ] 



Higher pressure drawdown around the Heel-section, as a result of frictional pressure drop of fluid flow in the wellbore, causes non-uniform fluid influx along the length of the wellbore.  However, the increased wellbore length has led to some problems in producing from such a well.  


The frictional pressure drop in the horizontal completion results in higher production rates at the heel. Frictional pressure drop in the horizontal completion causes the inflow to be distributed unevenly and to be greatest at the heel of the horizontal section. Uneven drawdown leads to a non-uniform inflow-rate, and areas of higher drawdown can increase the chance of sand failure. 


Areas with higher drawdown at the places where high sand production is experienced, increase the chance of sand failure[footnoteRef:23], they the rates may damage the screen.  At places where high sand production is experienced because of higher draw-downs, the rates may damage the screen. This may lead to an early breakthrough of water or gas causing a reduction in oil recovery. The consequences of the damage may affect the recoverable reserves and result in uneven sweep of the drainage area.  [23:  (Garcia, 2009)] 



-Pressure draw-down reduction


The reduction of pressure drawdown reduces the amount of fluid (oil and water) that enters along the sections.  The ICD settings are usually adjusted section by section according to layer location and the related layer-properties. For a uniform ICD completion the anticipated amount of inflow is achieved in terms of reducing water production.  


-Shortcoming of PICDs


The key to achieving uniform flow across the completion is a screen technology that uses a helical-channel ICD mounted to the base. Typically for horizontal wells in uniform formations the flow normalizing effect created by the ICD delays the onset of gas and/or water coning along the whole horizontal section. However, there are uncertainties with respect to drilling accuracy, and in heterogeneous formations localized gas breakthrough will impair oil production. This is due to many variables such as the static effects of absolute permeability, permeability distribution and geometry (sand thickness and well elevation), dynamic effects of the wells distance to liquid contacts, global moments based on aquifer communication to surrounding aquifers and gas cap, neighboring wells and past production history.









3. [bookmark: _Toc260659396]Smart Well Simulation


3.1 [bookmark: _Toc260659397] Introduction to Gullfaks sør reservoir


From the extended case we found that the field gas oil [footnoteRef:24]ratio at the end of simualtion is about 14000 Sm3/Sm3 and the field water cut [footnoteRef:25]is about 0.28 which can be seen in figure 22. Thus the high GOR is the main problem in this reservoir which will result in low oil production rate since gas has a higher mobility ratio than oil and loss gas in the reservoir which can maintain the pressure in the reservoir. The higher gas production rate also leads the problem in the process on platform GFA too,  so in the smart well model we have to control the gas and if the gas has reach the maximum amount we specified that zone will be shut which can be done remotely from the well. [24:  FGOR]  [25:  FWCT] 



[image: GFS_RESTART FGOR FWCT]


[bookmark: _Toc260421252]Figure 22:  FGOR and FWCT in the extended case


3.2 [bookmark: _Toc260659398]The trajectory of the smart well


The assigned smart well has 5 branches, however the extended case which has 4 new production well has 7 branches, so we have to place the 5 branches of smart well in order to cover the area of the field so that the drainage area of the new smart well case will cover the area as much as in the extended case.


However we cannot make the 5 branches smart well to have the total length as long as the total length in the extended case because the number of branches is lower. Though we make 5 branches well to have the total length equal to the total length in the extended case, the length of each branch will be too long and will be not reasonable. In order to easily compare with the extended case we decided to place the well in the same trajectory of extended case. So we have to choose 5 from 7 branches in the extended case from the figure 23.





[image: locatio GFS_RESTART]


[bookmark: _Toc260421253]Figure 23 : The location of the added well in the extended case





Here are the W1, W2W3, W4W5, W6W7 comparisons.


[image: W1-7 WGPT]


[bookmark: _Toc260421254]Figure 24:  WGPT for well W1, W2W3,W4W5,W6W7





[image: W1-7 WOPT]


[bookmark: _Toc260421255]Figure 25:  WOPT for well W1,W2W3,W4W5,W6W7





We see from the figure 25 that the W6W7 is the most closed to GI2 so the gas will be break through to this well more easily than other wells and the position of these 2 branches is placed near the production well G-4H. Moreover if we consider the cumulative gas production curve and cumulative oil production curve, we can find that well  W6W7 has the highest cumulative gas production and has the second lowest oil production. The cumulative oil production of W6W7 is higher than W1 because W6W7 has 2 branches while well W1 has only 1 branch. Thus, the well W6W7 has the worst performance compare to all of the well we added in the extended case . From this reason, we will eliminate this well and make 5 branches smart well from the trajectory of W1, W2W3, W4W5 and make the well head at the same position as W4W5 well. This 5-branch smart well is named ‘RONALDO’   


Because each added wells in the extended case (W1, W2W3, W4W5) has already divided in to many segments so for simplifying the task we then divided the smart well ‘RONALDO’ into the same segment as in the extended case. The list of the segments are


1. branch 1:  from segment number 1 to 40


2. branch 2: from segment number 41 to 84 


3. branch 3: from segment number 85 to 125 


4. branch 4: from segment number 126 to 162


5. branch 5: from segment number 163 to  200


Each branches is connected to the first branch on segment number 1, we chose this model as this well can have a back pressure effect in this well so it will be more realistic to be used as shown in figure 26  


[image: SMARTWELL location]


[bookmark: _Toc260421256]Figure 26 : The location of the new 5 branches smartwell





3.3 [bookmark: _Toc260659399] Procedure of making smart well


After we divided well “RONALDO” into 200 segments, we have to make the well to be smart by adding the command to open and close the well when it reaches the specific condition. At first we have no idea how to proceed it so we sent email to ask our advisor in STATOIL ‘Ole Jorgen Birkenes’  and he replied back some of the methods to use. Thus, we tried to build a model by using ACTIONS and WELOPEN commands. In the first command ‘ACTIONS’ is used to make a condition for the system, and the other command ‘WELOPEN’ is used for open and close the well in each segment. In this case we have to make a criterion which is the maximum amount of GOR because in our reservoir system the produced gas from the production well is the main problem.


In smart well case, if the GOR of each segment reaches the value we set, that segment will be closed automatically. So, we have to set the limit for GOR in each segments. We see from the FGOR of the extended case that it reaches the value of 14000 Sm3/Sm3 which is so high so we have to set a limit of GOR in a reasonable value. The high limit of GOR will lead each segment to produce longer before shut in but will result in high gas production, lead the pressure of the reservoir not to be maintained and may result in low oil production rate. While the low limit of GOR will lead each segment to produce shorter before shut in but produce with lower GOR so the pressure will be maintained. We try to optimize the value of GOR by trial and error and finally we get the optimum gas oil ratio limit for each segment to be 10000 Sm3/Sm3.    


3.4 [bookmark: _Toc260659400] Result of the simulation 


At first we tried to simulate the system until 2030 as in the extended case, however the result of field oil production total [footnoteRef:26]of the smart well is still lower than the extended case but the smart well curve seem to go up continuously so we extended the case to 2037 and see the result. [26:  FOPR] 



The two below figures show the extended case in beginning and at the end of the simulation.
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[bookmark: _Toc260421257]Figure 27: Well status at the beginning of simulation in extended case





[image: GFS_RESTARTafter]


[bookmark: _Toc260421258]Figure 28: Well status at the end of simulation in the extended case





The two below figures show the smart well case in beginning and at the end of the simulation.
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[bookmark: _Toc260421259]Figure 29: Well status at the beginning of simulation in smart well case


[image: SMARTWELLafter]


[bookmark: _Toc260421260]Figure 30: Well status at the end of simulation in smart well case





We can see from the well trajectory from both cases that after the production to 2037 the number of the wells that is shut (due to the lower pressure) in the extended case is higher than the number of the well that is shut in smart well case.  	


Moreover, at the end of simulation, the numbers of segments of the production well in the extended case are shut higher than the number of segments in the smart well case. These results from the production well cannot produce oil anymore due to the lag of pressure. While in the smart well case, the pressure is high and the well can open to produce oil. We can see it from the field reservoir pressure [footnoteRef:27]in Figure 31 . [27:  FPR] 
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[bookmark: _Toc260421261]Figure 31: FPR for extended case and smart well case


In the smart well case, the segment will be shut if the GOR is higher than 10000 Sm3/Sm3 so if one of the segment has a higher GOR than criteria, that segment will be shut and result in higher oil production. The reason for high oil production when we shut the segments which has high GOR is  because gas has a higher mobility ratio when produce with gas, the gas will come to the producer fast and leave the oil in the reservoir , even though we produce longer we cannot produce significantly more oil in the system. Another reason is the gas is left in the reservoir can maintain the pressure in the reservoir which extend the plateau rate of oil production. The smart well case which can be maintained the reservoir pressure has the higher possibility to have higher cumulative oil production. 






3.4.1 [bookmark: _Toc260659401]The result in gas production
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[bookmark: _Toc260421262]Figure 32: FGOR for extended case and smart well case


[image: SMART FGPR]


[bookmark: _Toc260421263]Figure 33: FGPR for extended case and smart well case


[image: SMART FGPT]


[bookmark: _Toc260421264]Figure 34: FGPT for extended case and smart well case





We can see from the gas production curve that the gas production is lower than the extended case since we control the gas oil ratio (GOR) in each segment. The GOR in the smart well case is approximately 3 times lower than the extended case at the end of simulation (2037).






3.4.2 [bookmark: _Toc260659402]The result in oil production
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[bookmark: _Toc260421265]Figure 35: FOPR for extended case and smart well case
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[bookmark: _Toc260421266]Figure 36: FOPT for extended case and smart well case


Though the  oil production rate (and also cumulative oil production) in the extended case  is higher than the smart well case at the beginning of the production as the extended case which has more branches and has a higher drainage area. But then, the extended case’s oil production cannot  maintain the higher rate due to high gas production while the smart well case, oil production can maintain in the plateau rate and lead to higher cumulative oil production at the end of simulation than extended case.


3.4.3 [bookmark: _Toc260659403]The result in water production
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[bookmark: _Toc260421267]Figure 37: FWCT for extended case and smart well case
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[bookmark: _Toc260421268]Figure 38: FWPR for extended case and smart well case


[image: SMART FWPT]


[bookmark: _Toc260421269]Figure 39: FWPT for extended case and smart well case


From the figures above, we can see that the water production in the smart well case is lower than the result in the extended case which is a positive result for the reservoir.


We can conclude from the results of simulation that smart well will make a better result to the whole system, higher oil production, lower water production, lower gas production which is a good idea to implement in field development. . 









4. [bookmark: _Toc260659404]Inflow Control Device Simulation


4.1 [bookmark: _Toc260659405]The ICD Well Trajectory Segments and The ICD Segments


We also use the trajectory of ‘RONALDO’ to Infow Control Device (ICD) Scenario. In ICD scenario, the ‘RONALDO’ also have 5 branches:


1. branch 1 : from segment number 1 to 40 


2. branch 2 : from segment number 41 to 84 


3. branch 3 : from segment number 85 to 125 


4. branch 4 : from segment number 126 to 162


5. branch 5 : from segment number 163 to  200


Each branch is connected to the first branch on segment number 1.


Then, ICD locations:


1. ICD of branch 1:  from segment number 201 to 239


2. ICD of branch 2: from segment number 240 to 283


3. ICD of branch 3: from segment number 284 to 324


4. ICD of branch 4: from segment number 325 to 361


5. ICD of branch 5: from segment number 362 to 399





4.2 [bookmark: _Toc260659406] Procedure of making ICD


We will write briefly our process to get the final ICD Model in ECLIPSE 100.


1.  (
OPEN
)First Trial ICD Model



































First, we try to use ICD using the above model, but ECLIPSE 100 can not calculate the solution and define the fluid properties in every segment. Then, we try to use Statoil’s suggestion ICD model by adding another segment ‘y + 1’ beside ‘y (actual)’ segments.


2. Second Trial ICD Model


Our first modified ICD model is shown in figure below. Actually, we want to make ICD Statoil’s model, but we have no experience to make trajectory using WELSPECS, COMPDAT, COMPSEG, and WELSEG then we produce model as below. Reservoir fluid can only flow through ICD (dashed line).
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The ECLIPSE 100 trajectory-model is shown below:
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5
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[bookmark: _Toc260421270]Figure 40: Second Trial : Multilateral-well with ICD


Because the trajectory is zigzag, we do not use this model and try other trials until we get the final ICD model below.


3. Final ICD Model


We try to make ICD model like Statoil’s model in Troll Field Presentation which is shared by our mentor. After several trial and error and read reference manual ECLIPSE 100, we get the final ICD model below.





 (
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The ECLIPSE 100 trajectory model is shown below:
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[bookmark: _Toc260421271]Figure 41: Final ICD





We worry about gray in branch 3, 4, and 5 in the simulation. Then, we make quality check (QC). To check (QC) the gray in branch no. 3, 4, and 5, we check branch no. 5 by plotting segment oil flow rate (SOFR) in branch 5 vs. branch 5’s segment number (from segment 163 to 200). We can see from plot below that the branch 5 is working, although there is indication cross flow along branch no.5. 





[bookmark: _Toc260421272]Figure 42: QC from branch no. 5: Segment no. 163 to 200


We may have uncertainty because we use 399 segments for ‘RONALDO’ which ECLIPSE 100 recommends user that there should be no more than 25 segments per well in order to ensure a reasonable level of performance.


The figure below illustrates our final model which looks like Troll’s ICD model.
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1
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[bookmark: _Toc260421273]Figure 43: Five branches well with ICD model like in Troll’s ICD model


We use similar ICD criteria for all segments:


1. spiral ICD


2. strength of ICD : 0.00021, we use this number as the strength of ICD in ECLIPSE 100 manual example


3. another parameters use defaults in ECLIPSE 100





[image: ]


Source:  ECLIPSE 100 reference manual, page 2538





4.3 [bookmark: _Toc260659407]The ICD Reservoir Simulation Result


4.3.1 [bookmark: _Toc260659408]Field Gas Oil Ratio (FGOR)


ICD scenario (red line) has lower GOR compare to extended case (green line). It is shown on below figure.


[image: ]


[bookmark: _Toc260421274]Figure 44: ICD FGOR vs Extended Case FGOR


4.3.2 Field Oil Production Rate (FOPR)


ICD profile rate (green line) is more stable than field oil flow rate of extended case (blue line).


[image: ]


[bookmark: _Toc260421275]Figure 45: ICD FOPR vs Extended Case FOPR


4.3.3 Field Oil Production Total (FOPT)


ICD FOPT (green line) is lower than FOPT (blue line) of extended case before 2030, but ICD FOPT is higher than extended case after 2030.


[image: ]


[bookmark: _Toc260421276]Figure 46: ICD FOPT vs Extended Case FOPT






4.3.4 Field Gas Production Rate (FGPR)


ICD FGPR (red line) is almost lower than FGPR extended case.


[image: ]


[bookmark: _Toc260421277]Figure 47: ICD FGPR vs Extended Case FGPR






4.3.5. Field Water Production Rate (FWPR)


ICD FWPR is almost lower than FWPR of extended case.


[image: ]


[bookmark: _Toc260421278]Figure 48: ICD FWPR vs Extended Case FWPR









4.3.6 Reservoir Pressure


ICD reservoir pressure is higher than reservoir pressure of extended case at the end of simulation in 2037. 


[image: ]


[bookmark: _Toc260421279]Figure 49: ICD reservoir pressure  vs Extended Case reservoir pressure





Based upon figures above, we can see that ICD case has positive effects to reservoir management. It will make oil rate, gas rate, and water rate have better profile.


Group IV – Gullfaks Village 2010 


  





IOR: Gullfaks Sør Statfjord








Since, GOR is managed, reservoir pressure can be maintained. As we know that gas is in reservoir has high compressibility which can maintain reservoir pressure still high until 2037. 
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5. [bookmark: _Toc260659409]Reservoir Simulation Comparision: Smart Well, ICD, And Extended Case





Smartwell and ICD have quite similar performance in our reservoir cases


1. higher FOPT than extended case after 2030


2. lower FGOR than extended case


3. lower FWPR and FGPR than extended case


4. maintain better reservoir pressure


We can see  FOPT, FGOR, FWPR, FGPR on belowed figures.
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[bookmark: _Toc260421280]Figure 50: FOPT: Smartwell, ICD, and Extended Case
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[bookmark: _Toc260421281]Figure 51: FGOR: Smartwell, ICD, and Extended Case
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[bookmark: _Toc260421282]Figure 52: FOPR: Smartwell, ICD, and Extended Case
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[bookmark: _Toc260421283]Figure 53: FGPR: Smartwell, ICD, and Extended Case
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[bookmark: _Toc260421284]Figure 54: FWPR: Smartwell, ICD, and Extended Case
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[bookmark: _Toc260421285]Figure 55: Reservoir Pressure: Smartwell, ICD, and Extended Case





If we compare the ICD case and smart well case, we find that ICD case has higher pressure, higher oil production total, higher GOR and approximately the same in water production compare to smart well case, and however, the difference between 2 cases is not significantly high and looks almost similar in the overall. 


6. [bookmark: _Toc260659410]
  Economic Evaluation


	In order to consider if the project should be done or not, we have to make economics evaluation to find the best alternative which will return the highest profit in the project.


6.1 [bookmark: _Toc260659411]Cost Data And Economic Assumptions





Cost data and economic assumptions are provided by Statoil. To calculate revenue, if the time is in the past we use oil and gas price from actual data and if the time is in the future we use Statoil’s assumptions. 


In this report, due to limited data of Smart Well and ICD well, we assume the two type wells cost have similar to conventional well (‘normal’ well) cost. We assume the extended case and ‘RONALDO’ can be compared as apple to apple since in extended case, we have 6 new wells cost (W1, W2W3, W4W5, W6W7, G1, G2) and  in ‘RONALDO’ case, we have ‘3’ new producer wells cost (W1, W2W3, W4W5 as a new well) and 2 gas injector wells cost (G1, G2). The used other assumptions are listed on below table.


Table 1: Cost Data and Economic Assumptions


[image: ]





Actually, Smart well and ICD well CAPEX (Capital Expenditure) will be higher than ‘normal’ well. CAPEX will be higher because of more equipment in the two type wells, i.e. Smart Well and ICD Well.  But we probably can reduce OPEX (Operation Expense), since we no need well intervention to open/close zone






6.2 [bookmark: _Toc260659412]Result from economics evaluation








We can see from 2015-2030 the cumulative net present value of extended case is still higher than in the smart well case and ICD case (which result from the lower cumulative oil production). The payback period in the extended case which is in 2017 is also shorter than the other case which in 2019.   


However in the end of simulation (2037) the graph that the cumulative net present value for the smart well and ICD is higher than extended case at the end of simulation (result from higher cumulative oil production). The ICD case has the highest cumulative NPV which is about 2864 MNOK as we can see in the decision tree diagram.









6.3 [bookmark: _Toc260659413]Decision tree diagram 
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The cumulative NPV of Smart well and ICD is higher than the extended case. Moreover if we look at the FOPT curve there is a tendency that the cumulative oil production will increase after 2037. So in the long term of investment, the smart well and ICD case is recommended to be used in this development.  The ICD case is the best method for reservoir development in this case. 









6.4 [bookmark: _Toc260659414]Sensitivity analysis


We get table below from sensitivity calculation which assumptions are given by Statoil, as we have stated above in 


Table 2: Sensitivity Analysis  Calculation of  Extended Case, Smartwell and ICD Well
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On figure below, we can see the sensitivity NPV Change (%) to three variables, i.e. oil and gas price (%), hydrocarbon production (%) and investment cost (%). The more sensitive NPV change to one of three variables above, the sharper gradient the variable. 





[image: ]


[bookmark: _Toc260421286]Figure 56: Sensitivity Analysis Curve





We can see that Oil and Gas Price (OGP) has the sharpest gradient than others. Then, if it will be followed by hydrocarbon production increasing, investment cost increasing/decreasing and last hydrocarbon production decreasing. It means the project has the highest sensitivity to oil and gas price, then it is followed by hydrocarbon production increasing, investment cost increasing/decreasing and last hydrocarbon production decreasing. 


It is shown in above table, if oil and gas price change from assumption, the NPV change percentage will be 8-39 times of oil and gas change percentage. It is much more significant compare to other variable. So, these projects have high risk in uncertainty oil and gas price in the future. 


Although the hydrocarbon production and investment cost have quite significant change, if the numbers in hydrocarbon production and investment cost change, the NPV change percentage will be affected twice from hydrocarbon production and investment cost change percentage.






7. [bookmark: _Toc260659415]Conclusion





1. Smart Well and ICD Case have better performance compared to extended case


2. ICD has the highest NPV considering our assumptions. 


3. These Projects are very sensitive with changing oil and gas price, hydrocarbon production, and investment cost.





8. [bookmark: _Toc260659416] Recommendatios





1. In this smart well/ICD case, we want to compare the extended case and smart well case so we make the smart well in the same trajectory of extended case. However in order to optimize the oil production (or maximize the cumulative net present value), we may place the well in the other location so that the oil production is higher than this smart well case. Nevertheless, this process takes a lot of time to find the perfect location.


2. As we see from the simulation that the smart well case have 5 branches but the total production is still higher than extended case which has 7 branches. So if we increase the number of branches, it is possible to get higher recovery. However we should consider the economics evaluation with the new branches we add.


3. Reliability, although the smart well has a higher performance than a traditional well but there is a problem with the reliability which means that there are a higher cost for performance Even  this problem is now less severe than the previous day but still the topic that need to be considered.


4. In this case the problem for our well is the higher GOR, so may be if we put water injection well instead of gas injection well.


5. Further checking in ICD model, especially in branch no.3, 4, and 5 which several segment have gray color. We recommend using Smart well and ICD economic data to get better representative economic evaluation.


9. [bookmark: _Toc260659417]Additional Work Report


9.1 [bookmark: _Toc260659418]Comparison ICD with different ICD strength


We run simulation for two cases. First, we run simulation with ICD strength 0,00021 bar/m6 (100ICD) as example in ECLIPSE 100. Then we run simulation with ICD strength 0,0032 bar/m6 (SICD) as Statoil suggestion for sensitivity ICD strength cases.


We plot  Field Gas Oil Ratio (FGOR), Field Water Cut (FWCT), Field Oil Production  Rate (FOPR) and Field Oil Production Total (FOPT).
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[bookmark: _Toc260421287]Figure 57: FGOR 100ICD and SICD


 


Based above picture, the stronger ICD will make lower GOR which means good.
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[bookmark: _Toc260421288]Figure 58: FWCT 100ICD  and 100ICD


From FWCT plot, they are slightly different.
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[bookmark: _Toc260421289]Figure 59: FOPR 100ICD  and SICD


Stronger ICD will produce higher oil rate.


[image: ]


[bookmark: _Toc260421290]Figure 60: FOPT of 100ICD and SICD


FOPT of ICD with 0,0032 bar/m6 will produce slightly higher (13,8 MSm3) than the other (13,6 MSm3/day). 






9.2 [bookmark: _Toc260659419]Comparison RONALDO with smart well ,ICD and RONALDO without smart well (RONALDO REFERENCE)


In order to see the effect of smart well, ICD, we will compare well RONALDO with smart well, ICD to the well RONALDO without smart well and ICD  (RONALDO REFERENCE) and see the result.


Here is the figures of FGOR.


[image: ]


[bookmark: _Toc260421291]Figure 61: FGOR when RONALDO at 800 Sm3/day


However the effect of the smart well, ICD  is not clearly seen in the simulation, so we try to increase the oil production rate from 800 Sm3/day to 2300 Sm3/day. Then we can see the difference more clarity in figure FGOR below.


[image: ]


[bookmark: _Toc260421292]Figure 62: FGOR when RONALDO at 2300 Sm3/day





The smartwell is working, but we can not see the effect of ICD which is reduce gas rate compare to REFERENCE. Then we plot FOPR, FOPT, FWCT and FPR as belowed figures to see field performance.
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[bookmark: _Toc260421293]Figure 63: FOPR of RONALDO Smartwell, ICD and Reference
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[bookmark: _Toc260421294]Figure 64: FOPT of RONALDO Smartwell, ICD and Reference
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[bookmark: _Toc260421295]Figure 65: FPR of RONALDO Smartwell, ICD and Reference






9.3 [bookmark: _Toc260659420]Inconsistency ICD RONALDO


We found that there is inconsistency from WOPR ‘RONALDO’ and WOPT ‘RONALDO’. WOPR and WOPT of RONALDO are shown below.





[image: ]


[bookmark: _Toc260421296]Figure 66: WOPR RONALDO
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[bookmark: _Toc260421297]Figure 67: WOPT RONALDO


WOPR of smartwells is always higher than ICD well, but WOPT smartwell is almost lower than ICD until Smartwell WOPT is higher than ICD in the last stage. Our hypothesis, it happens because we have several segments which are gray as discussed before.
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11. [bookmark: _Toc260659422]Appendix A: Challenge no. 3 Description





[bookmark: _Toc260650456][bookmark: _Toc260650845][bookmark: _Toc260659423]Challenge 3. Improved oil recovery with smart wells 


 Gullfaks Sør Statfjord has used smart wells (Ref. 3), but has mixed experiences. It could however be possible to increase the oil recovery by using smart wells and/or Inflow Control Devices (ICD). 


1. Explain smart wells and ICD.  


2. Use the Gullfaks Sør Statfjord model with a five branch well with ICD in Gullfaks Sør Statfjord.


3. Make a recommendation if smart wells/ICD is a measure that Statoil should implement at Gullfaks Sør Statfjord.


4. Positive and negative comments about smart wells and ICD. 





12. 


13. [bookmark: _Toc260659424]Appendix B: Economic Calculation


13.1 [bookmark: _Toc260659425][image: ]Base Case: Extended Case





13.2 [bookmark: _Toc260659426]Sensitivity Analysis: Extended Case


[bookmark: _Toc260659427]





Sensitivity Analysis





As many assumptions were made, it is necessary to perform a sensitivity analysis which studies how the variation (uncertainty) in the input affects the output. In this case the ceteris paribus approach was used to observe how the effect of a single independent variable on a dependent variable can be isolated, for example if only the oil price changes how is the net present value


affected. 





Due to uncertainty, there are four variables here that might be varied between +/- 40% by assumed probability.





 Oil price  Gas price  CAPEX cost  OPEX cost





These variables could effect on NPV, Sensitive analysis shows that how much the total NPV is sensitive by changing each these four variables.





The Sensitivity cases are described below.









13.2.1 Sensitivity Case: +5% of Oil and Gas Price
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13.2.2 [bookmark: _Toc260659428]Sensitivity Case: -2% of Oil and Gas Price
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13.2.3 [bookmark: _Toc260659429]Sensitivity Case: +30 % of Oil and Gas Production





[image: ]


13.2.4 [bookmark: _Toc260659430]Sensitivity Case: -30 % of Oil and Gas Production
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13.2.5 [bookmark: _Toc260659431]Sensitivity Case: +40 % of Investment Cost
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13.2.6 [bookmark: _Toc260659432]Sensitivity Case: -40 % of Investment Cost
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13.3 [bookmark: _Toc260659433]Base Case: Smartwell Case
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13.4 [bookmark: _Toc260659434]Sensitivity Case: Smartwell Case


13.4.1 [bookmark: _Toc260659435]Sensitivity Case: +5% of Oil and Gas Price
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13.4.2 [bookmark: _Toc260659436]Sensitivity Case: -2% of Oil and Gas Price
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13.4.3 [bookmark: _Toc260659437]Sensitivity Case: +30 % of Oil and Gas Production


[image: ]


13.4.4 [bookmark: _Toc260659438]Sensitivity Case: -30 % of Oil and Gas Production
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13.4.5 [bookmark: _Toc260659439]Sensitivity Case: +40 % of Investment Cost
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13.4.6 [bookmark: _Toc260659440]Sensitivity Case: -40 % of Investment Cost
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13.5 [bookmark: _Toc260659441]Base Case: ICD Case





[image: ]


13.6 [bookmark: _Toc260659442]Sensitivity Case: ICD Case


13.6.1 [bookmark: _Toc260659443]Sensitivity Case: +5% of Oil and Gas Price


[bookmark: _Toc260659444][image: ]
Sensitivity Case: -2% of Oil and Gas Price
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13.6.2 [bookmark: _Toc260659445][image: ]Sensitivity Case: +30 % of Oil and Gas Production


13.6.3 [bookmark: _Toc260659446]ensitivity Case: -30 % of Oil and Gas Production


[image: ]


13.6.4 [bookmark: _Toc260659447][image: ]Sensitivity Case: +40 % of Investment Cost


13.6.5 [bookmark: _Toc260659448][image: ]Sensitivity Case: -40 % of Investment Cost



14. 


15. [bookmark: _Toc260659449]Appendix C: HPHT Packer
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HPHT Production Packer [5]


· Compatible element package 


· Feed-through capability


· Retrievable


· High-tubing tension / compression loads


· Compatible elastomers 


Elements for a packer to be used in an HPHT smart completion are as below:


· Compatible element package


· HPHT wells require heavy completion brines such as zinc bromide or cesium format primarily for well control purposes. Such brines are corrosive in nature. Conventional packing elastomers such as nitrile or HNBR are not suitable for these environments.  Fluroelastomers or perfluroelastomers will be the material of choice to combat the high corrosive nature of these completion fluids as well as the high temperature.  


· Feedthough Capability


· To bypass hydraulic or electrical lines from surface to downhole valves or gauges.


· Retrievable


· The ability to retrieve the packer in any eventuality without having to resort to fishing or milling operations.


· High tubing loads


· The operating envelope of these packers would have to be able to handle high tension and compression loads created due to significant pipe movement during the life of the well. These loads tend to be excessive  particularly when high temperatures are combined with high operating pressures 


· Compatible Elastomers 


· Surface pressure tests prove difficult since high temperature elastomers may not seal at ambient temperatures. 
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EXTENDED CASE	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	-4583.3143793462505	-4299.1500771415831	-4018.5002377605524	-3743.895925184871	-3440.5875808767191	-3110.5214252719852	-2697.871376452174	-2357.951786509444	-2046.8600087492662	-1815.0163308725998	-1815.54039278655	-1689.2307579413757	-1265.2267864504281	-851.49225530523768	-484.75501247599323	-176.37235151635122	-1470.7785085128758	-507.14573379817693	217.41654466215459	711.6131352953895	1106.9627916320314	1381.3246032201314	1605.0227742420634	1790.2569897518711	1944.2102410973148	2062.2007546732152	2155.6977532206242	2226.3365670214612	2275.0179798411159	2319.2311410327166	2358.9489608224148	2395.2193160483857	2428.8763342156062	2460.0852637995708	2488.6080735146857	2515.1624951373847	2540.0916126731895	2542.370030071158	SMART WELL CASE	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	-4583.3143793462505	-4299.1500771415831	-4018.5002377605524	-3743.895925184871	-3440.5875808767191	-3110.5214252719852	-2697.871376452174	-2357.951786509444	-2046.8600087492662	-1815.0163308725998	-1815.54039278655	-1689.2307579413757	-1265.2267864504281	-851.49225530523768	-484.75501247599323	-176.37235151635122	-1529.8815253799528	-974.3123992388106	-499.78458950649343	-142.33005989988845	197.44778340048651	470.35197208439382	725.44398306922881	963.0879177188275	1173.3126064742917	1367.2231576413214	1538.8038018360808	1694.4855282450567	1835.5875941892882	1968.6649599379898	2091.6920752559568	2208.0794122158272	2318.268720425498	2419.3118429392048	2510.7625978239307	2596.2941099214127	2677.6340280696054	2735.6019869484312	ICD CASE	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	-4583.3143793462505	-4299.1500771415831	-4018.5002377605524	-3743.895925184871	-3440.5875808767191	-3110.5214252719852	-2697.871376452174	-2357.951786509444	-2046.8600087492662	-1815.0163308725998	-1815.54039278655	-1689.2307579413757	-1265.2267864504281	-851.49225530523768	-484.75501247599323	-176.37235151635122	-1523.9517203890186	-950.35124075156796	-458.19023692806525	-81.556987812488572	277.38861445378825	568.92831217443347	839.16364477585751	1078.7612837633455	1292.4327795200461	1487.5991982651149	1662.1252957648801	1821.6347538380728	1968.2862434544122	2104.7856838045013	2227.8007009593412	2342.394432641906	2448.9491997244263	2548.4967241172144	2640.3550744709405	2727.5512766011821	2809.1545726905533	2864.2009975926449	year





Cumulative net present value (MNOK)
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oil income Gas income Field / offshoreCO2 - duty Gas oil transportation Subsea/platform Production unit Drilling abandon



 (SM3) Sm3 (UsD/BBL) Sm3 (cents per gallon)(MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK)



1999 182525,08 182525,08 21,39 45087848 110,8333333 147,3405078 0 11,48048214 1 1,148048214 3500 1650 1030 29,4681016 1073,096632 -925,7561241 -185,1512248 -185,1512248 -4860,6049 1 -4583,31438 -4583,31438



2000 330533,16 148008,08 34,29 62183542 138,4 191,5321749 0 9,309428157 1 0,930942816 1030 38,306435 1079,546806 -888,0146311 -177,6029262 -177,6029262 319,5882952 2284,1643022 -4299,15008



2001 538899,12 208365,96 28,03 103837010 139,3333333 220,413758 0 13,10582459 1 1,310582459 1030 44,0827516 1089,499159 -869,0854006 -173,8170801 -173,8170801 334,7316795 3280,6498394 -4018,50024



2002 773933,00 235033,88 27,33 174349490 136,5 242,4146889 0 14,7831863 1 1,47831863 1030 48,4829378 1095,744443 -853,3297538 -170,6659508 -170,6659508 347,336197 4274,6043126 -3743,89593



2003 1050589,6 276656,6 32,47 231690460 156 339,009723 0 17,40117662 1 1,740117662 1030 67,8019446 1117,943239 -778,9335159 -155,7867032 -155,7867032 406,8531873 5303,3083443 -3440,58758



2004 1529299,5 478709,9 42,97 246407810 180,3333333 776,2946497 0 30,10994685 1 3,010994685 155,25893 189,3798715 586,9147782 117,3829556 117,3829556 469,5318226 6330,0661556 -3110,52143



2005 2016984,5 487685 55,21 213079440 231 1016,122283 0 30,67446366 1 3,067446366 203,224457 237,9663666 778,1559164 155,6311833 155,6311833 622,5247331 7412,6500488 -2697,87138



2006 2392377 375392,5 62,36 247841245 270 883,447057 0 23,6114779 1 2,36114779 176,689411 203,6620371 679,7850199 135,957004 135,957004 543,8280159 8339,9195899 -2357,95179



2007 2732394,5 340017,5 66,66 132349455 300 855,3727476 0 21,38645734 1 2,138645734 171,07455 195,5996526 659,773095 131,954619 131,954619 527,818476 9311,0917778 -2046,86001



2008 2926702,5 194308 91,35 210171400 300 669,8661981 0 12,22160551 1 1,222160551 133,97324 148,4170057 521,4491924 104,2898385 104,2898385 417,1593539 10231,8436779 -1815,01633



2009 2926702,5 0 60 0 300 0 0 0 1 0 0 1 -1 -0,2 0 -1 11 -0,52406191 -1815,54039



2010 3091608,2 164905,7 400 -51295890 300 414,8902592 0 10,37225648 1 1,037225648 82,9780518 95,38753396 319,5027252 63,90054504 63,90054504 255,6021802 12126,3096348 -1689,23076



2011 3659698 568089,8 412 74040400 300 1472,149065 0 35,73177343 1 3,573177343 294,429813 334,7347638 1137,414301 227,4828603 227,4828603 909,9314411 13424,0039715 -1265,22679



2012 4229853 570155 424,36 -235126510 300 1521,825854 0 35,8616706 1 3,58616706 304,365171 344,8130084 1177,012845 235,402569 235,402569 941,6102761 14413,7345311 -851,492255



2013 4749729 519876 437,0908 -219673000 300 1429,252676 0 32,69921664 1 3,269921664 285,850535 322,8196735 1106,433003 221,2866005 221,2866005 885,1464021 15366,7372428 -484,755012



2014 5199452 449723 450,203524 -197355000 300 1273,478359 0 28,28672569 1 2,828672569 254,695672 286,81107 986,6672888 197,3334578 197,3334578 789,3338311 16 308,382661 -176,372352



2015 5689028 489576 463,7096297 24858700 300 1427,919796 0 30,79340398 1 3,079340398 4000 750 950 285,583959 1270,456703 157,4630921 31,49261842 31,49261842 -3674,02953 17 -1353,50917 -1529,88153



2016 6444182 755154 477,6209186 719654400 300 2268,592263 0 47,49775763 1 4,749775763 950 453,718453 1456,965986 811,6262769 162,3252554 162,3252554 1599,301022 18555,5691261 -974,312399



2017 7098449,5 654267,5 491,9495462 666976200 300 2024,480005 0 41,15218768 1 4,115218768 950 404,896001 1401,163408 623,3165979 124,6633196 124,6633196 1448,653278 19474,5278097 -499,78459



2018 7586291 487841,5 506,7080326 528222200 300 1554,798494 0 30,68430721 1 3,068430721 950 310,959699 1295,712437 259,086057 51,8172114 51,8172114 1157,268846 20357,4545296 -142,33006



2019 8064097 477806 521,9092735 517110300 300 1568,498807 0 30,05309325 1 3,005309325 950 313,699761 1297,758164 270,7406427 54,14812853 54,14812853 1166,592514 21339,7778433 197,4477834



2020 8535723 471626 537,5665517 508983800 300 1594,658005 0 29,66438294 1 2,966438294 318,931601 352,5624222 1242,095583 248,4191165 248,4191165 993,6764661 22272,9041887 470,3519721



2021 8989277 453554 553,6935483 491506700 231 1579,559698 0 28,52768834 1 2,852768834 315,91194 348,2923968 1231,267301 246,2534603 246,2534603 985,0138411 23 255,092011 725,4439831



2022 9424002 434725 570,3043547 486772700 231 1559,404861 0 27,34337987 1 2,734337987 311,880972 342,9586901 1216,446171 243,2892343 243,2892343 973,156937 24237,6439346 963,0879177



2023 9819693 395691 587,4134854 477554700 231 1461,96732 0 24,88821514 1 2,488821514 292,393464 320,7705006 1141,196819 228,2393638 228,2393638 912,9574553 25210,2246888 1173,312606



2024 10195230 375537 605,0358899 471223300 231 1429,129058 0 23,62056667 1 2,362056667 285,825812 312,8084349 1116,320623 223,2641246 223,2641246 893,0564983 26193,9105512 1367,223158



2025 10537150 341920 623,1869666 455548600 231 1340,23343 0 21,50612099 1 2,150612099 268,046686 292,7034191 1047,530011 209,5060022 209,5060022 838,0240088 27171,5806442 1538,803802



2026 10856376 319226 641,8825756 447699000 231 1288,817494 0 20,07871133 1 2,007871133 257,763499 280,8500813 1007,967413 201,5934826 201,5934826 806,3739304 28155,6817264 1694,485528



2027 11154096 297720 661,1390529 439238000 231 1238,050619 0 18,72602463 1 1,872602463 247,610124 269,2087508 968,8418678 193,7683736 193,7683736 775,0734942 29141,1020659 1835,587594



2028 11443020 288924 680,9732245 430394000 231 1237,517174 0 18,17277287 1 1,817277287 247,503435 268,4934849 969,023689 193,8047378 193,8047378 775,2189512 30133,0773657 1968,66496



2029 11717874 274854 701,4024212 390908000 231 1212,570232 0 17,28779649 1 1,728779649 242,514046 262,5306225 950,0396094 190,0079219 190,0079219 760,0316875 31123,0271153 2091,692075



2030 11985437 267563 722,4444939 5195000 231 1215,816749 0 16,82920639 1 1,682920639 243,16335 262,6754769 953,1412725 190,6282545 190,6282545 762,513018 32 116,387337 2208,079412



2031 12246104 260667 744,1178287 1220,015487 0 16,39546104 1 1,639546104 244,003097 263,0381045 956,9773825 191,3954765 191,3954765 765,581906 33110,1893082 2318,26872



2032 12492085 245981 766,4413635 1185,818107 0 15,47173943 1 1,547173943 237,163621 255,1825347 930,6355719 186,1271144 186,1271144 744,5084575 34101,0431225 2419,311843



2033 12721195 229110 789,4346045 1137,621483 0 14,41058546 1 1,441058546 227,524297 244,3759406 893,2455424 178,6491085 178,6491085 714,5964339 3591,45075488 2510,762598



2034 12941709 220514 813,1176426 1127,787122 0 13,86991332 1 1,386991332 225,557424 241,8143291 885,9727932 177,1945586 177,1945586 708,7782346 36 85,5315121 2596,29411



2035 13157516 215807 837,5111719 1136,825264 0 13,57385193 1 1,357385193 227,365053 243,2962898 893,5289738 178,7057948 178,7057948 714,823179 3781,33991815 2677,634028



2036 13374376 216860 862,636507 1176,64341 0 13,64008364 1 1,364008364 200 235,328682 251,3327741 925,3106363 185,0621273 185,0621273 540,248509 3857,96795888 2735,601987



2037 13376123 1747 888,5156022 9,763275473 0 0,109882994 1 0,010988299 1,95265509 3,073526388 6,689749085 1,337949817 1,337949817 5,351799268 390,541481439



SUM 2735,601987



DATE FOPT vol oil per year oil prize Vol gas per year Gas prize



INCOME



EXPENDITURE



Cap Allowance royalty Fiscal allowanceTaxable income



OPEX CAPEX



Tax Net tax cash flow i NPV cum NPV
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oil income Gas income Field / offshoreCO2 - duty Gas oil transportation Subsea/platform Production unit Drilling abandon



 (SM3) Sm3 (UsD/BBL) Sm3 (cents per gallon)(MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK)



1999 182525,08 182525,08 21,39 45087848 110,8333333 147,3405078 0 11,48048214 1 1,148048214 3500 1650 1030 29,4681016 1073,096632 -925,7561241 -185,1512248 -185,1512248 -4860,6049 1 -4583,31438 -4583,31438



2000 330533,16 148008,08 34,29 62183542 138,4 191,5321749 0 9,309428157 1 0,930942816 1030 38,306435 1079,546806 -888,0146311 -177,6029262 -177,6029262 319,5882952 2284,1643022 -4299,15008



2001 538899,12 208365,96 28,03 103837010 139,3333333 220,413758 0 13,10582459 1 1,310582459 1030 44,0827516 1089,499159 -869,0854006 -173,8170801 -173,8170801 334,7316795 3280,6498394 -4018,50024



2002 773933,00 235033,88 27,33 174349490 136,5 242,4146889 0 14,7831863 1 1,47831863 1030 48,4829378 1095,744443 -853,3297538 -170,6659508 -170,6659508 347,336197 4274,6043126 -3743,89593



2003 1050589,6 276656,6 32,47 231690460 156 339,009723 0 17,40117662 1 1,740117662 1030 67,8019446 1117,943239 -778,9335159 -155,7867032 -155,7867032 406,8531873 5303,3083443 -3440,58758



2004 1529299,5 478709,9 42,97 246407810 180,3333333 776,2946497 0 30,10994685 1 3,010994685 155,25893 189,3798715 586,9147782 117,3829556 117,3829556 469,5318226 6330,0661556 -3110,52143



2005 2016984,5 487685 55,21 213079440 231 1016,122283 0 30,67446366 1 3,067446366 203,224457 237,9663666 778,1559164 155,6311833 155,6311833 622,5247331 7412,6500488 -2697,87138



2006 2392377 375392,5 62,36 247841245 270 883,447057 0 23,6114779 1 2,36114779 176,689411 203,6620371 679,7850199 135,957004 135,957004 543,8280159 8339,9195899 -2357,95179



2007 2732394,5 340017,5 66,66 132349455 300 855,3727476 0 21,38645734 1 2,138645734 171,07455 195,5996526 659,773095 131,954619 131,954619 527,818476 9311,0917778 -2046,86001



2008 2926702,5 194308 91,35 210171400 300 669,8661981 0 12,22160551 1 1,222160551 133,97324 148,4170057 521,4491924 104,2898385 104,2898385 417,1593539 10231,8436779 -1815,01633



2009 2926702,5 0 60 0 300 0 0 0 1 0 0 1 -1 -0,2 0 -1 11 -0,52406191 -1815,54039



2010 3091608,2 164905,7 400 -51295890 300 414,8902592 0 10,37225648 1 1,037225648 82,9780518 95,38753396 319,5027252 63,90054504 63,90054504 255,6021802 12126,3096348 -1689,23076



2011 3659698 568089,8 420 74040400 300 1500,734484 0 35,73177343 1 3,573177343 300,146897 340,4518475 1160,282636 232,0565273 232,0565273 928,2261091 13432,5288026 -1256,70196



2012 4229853 570155 441 -235126510 300 1581,499673 0 35,8616706 1 3,58616706 316,299935 356,7477723 1224,751901 244,9503802 244,9503802 979,8015208 14430,5153981 -826,186557



2013 4749729 519876 463,05 -219673000 300 1514,137227 0 32,69921664 1 3,269921664 302,827445 339,7965836 1174,340643 234,8681286 234,8681286 939,4725144 15389,2458455 -436,940712



2014 5199452 449723 486,2025 -197355000 300 1375,307675 0 28,28672569 1 2,828672569 275,061535 307,1769332 1068,130742 213,6261483 213,6261483 854,5045933 16333,8440466 -103,096665



2015 5689028 489576 510,512625 24858700 300 1572,04215 0 30,79340398 1 3,079340398 4000 750 950 314,40843 1299,281174 272,7609754 54,55219508 54,55219508 -3581,79122 17 -1319,52866 -1422,62533



2016 6444182 755154 536,0382563 719654400 300 2546,061517 0 47,49775763 1 4,749775763 950 509,212303 1512,459837 1033,60168 206,7203361 206,7203361 1776,881344 18617,2574159 -805,367914



2017 7098449,5 654267,5 562,8401691 666976200 300 2316,210427 0 41,15218768 1 4,115218768 950 463,242085 1459,509492 856,7009353 171,3401871 171,3401871 1635,360748 19535,6866033 -269,681311



2018 7586291 487841,5 590,9821775 528222200 300 1813,387869 0 30,68430721 1 3,068430721 950 362,677574 1347,430312 465,9575573 93,19151146 93,19151146 1322,766046 20408,5729228 138,8916121



2019 8064097 477806 620,5312864 517110300 300 1864,888461 0 30,05309325 1 3,005309325 950 372,977692 1357,036095 507,8523666 101,5704733 101,5704733 1356,281893 21 395,026139 533,9177511



2020 8535723 471626 651,5578507 508983800 300 1932,806159 0 29,66438294 1 2,966438294 386,561232 420,1920531 1512,614106 302,5228213 302,5228213 1210,091285 22332,3405471 866,2582981



2021 8989277 453554 684,1357432 491506700 231 1951,681127 0 28,52768834 1 2,852768834 390,336225 422,7166825 1528,964444 305,7928888 305,7928888 1223,171555 23316,7684339 1183,026732



2022 9424002 434725 718,3425304 486772700 231 1964,191269 0 27,34337987 1 2,734337987 392,838254 423,9159716 1540,275297 308,0550594 308,0550594 1232,220238 24300,9069293 1483,933661



2023 9819693 395691 754,2596569 477554700 231 1877,217661 0 24,88821514 1 2,488821514 375,443532 403,8205688 1473,397092 294,6794184 294,6794184 1178,717674 25271,4207049 1755,354366



2024 10195230 375537 791,9726398 471223300 231 1870,684254 0 23,62056667 1 2,362056667 374,136851 401,1194742 1469,56478 293,912956 293,912956 1175,651824 26255,2708519 2010,625218



2025 10537150 341920 831,5712718 455548600 231 1788,387238 0 21,50612099 1 2,150612099 357,677448 382,3341807 1406,053057 281,2106115 281,2106115 1124,842446 27230,3050861 2240,930304



2026 10856376 319226 873,1498354 447699000 231 1753,172349 0 20,07871133 1 2,007871133 350,63447 373,7210523 1379,451297 275,8902594 275,8902594 1103,561038 28213,0578396 2453,988144



2027 11154096 297720 916,8073271 439238000 231 1716,815658 0 18,72602463 1 1,872602463 343,363132 364,9617588 1351,8539 270,3707799 270,3707799 1081,48312 29196,8839131 2650,872057



2028 11443020 288924 962,6476935 430394000 231 1749,397789 0 18,17277287 1 1,817277287 349,879558 370,8696079 1378,528181 275,7056362 275,7056362 1102,822545 30 189,315185 2840,187242



2029 11717874 274854 1010,780078 390908000 231 1747,416029 0 17,28779649 1 1,728779649 349,483206 369,499782 1377,916247 275,5832494 275,5832494 1102,332998 31178,4357824 3018,623024



2030 11985437 267563 1061,319082 5195000 231 1786,115788 0 16,82920639 1 1,682920639 357,223158 376,7352846 1409,380503 281,8761007 281,8761007 1127,504403 32172,0983534 3190,721378



2031 12246104 260667 1114,385036 1827,085645 0 16,39546104 1 1,639546104 365,417129 384,452136 1442,633508 288,5267017 288,5267017 1154,106807 33166,1092427 3356,83062



2032 12492085 245981 1170,104288 1810,354865 0 15,47173943 1 1,547173943 362,070973 380,0898864 1430,264979 286,0529957 286,0529957 1144,211983 34155,2900446 3512,120665



2033 12721195 229110 1228,609502 1770,498223 0 14,41058546 1 1,441058546 354,099645 370,9512885 1399,546934 279,9093868 279,9093868 1119,637547 35 143,286048 3655,406713



2034 12941709 220514 1290,039977 1789,274267 0 13,86991332 1 1,386991332 357,854853 374,1117581 1415,162509 283,0325018 283,0325018 1132,130007 36136,6193073 3792,02602



2035 13157516 215807 1354,541976 1838,635222 0 13,57385193 1 1,357385193 367,727044 383,6582815 1454,97694 290,9953881 290,9953881 1163,981552 37 132,449768 3924,475788



2036 13374376 216860 1422,269075 1939,986914 0 13,64008364 1 1,364008364 200 387,997383 404,0014748 1535,985439 307,1970878 307,1970878 1028,788351 38110,3876454 4034,863434



2037 13376123 1747 1493,382529 16,40973437 0 0,109882994 1 0,010988299 3,28194687 4,402818168 12,0069162 2,401383241 2,401383241 9,605532962 390,971863396



SUM 4034,863434



DATE FOPT vol oil per year oil prize Vol gas per year Gas prize



INCOME



EXPENDITURE



Cap Allowance royalty Fiscal allowanceTaxable income



OPEX CAPEX



Tax Net tax cash flow i NPV cum NPV
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oil income Gas income Field / offshoreCO2 - duty Gas oil transportation Subsea/platform Production unit Drilling abandon



 (SM3) Sm3 (UsD/BBL) Sm3 (cents per gallon)(MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK)



1999 182525,08 182525,08 21,39 45087848 110,8333333 147,3405078 0 11,48048214 1 1,148048214 3500 1650 1030 29,4681016 1073,096632 -925,7561241 -185,1512248 -185,1512248 -4860,6049 1 -4583,31438 -4583,31438



2000 330533,16 148008,08 34,29 62183542 138,4 191,5321749 0 9,309428157 1 0,930942816 1030 38,306435 1079,546806 -888,0146311 -177,6029262 -177,6029262 319,5882952 2284,1643022 -4299,15008



2001 538899,12 208365,96 28,03 103837010 139,3333333 220,413758 0 13,10582459 1 1,310582459 1030 44,0827516 1089,499159 -869,0854006 -173,8170801 -173,8170801 334,7316795 3280,6498394 -4018,50024



2002 773933,00 235033,88 27,33 174349490 136,5 242,4146889 0 14,7831863 1 1,47831863 1030 48,4829378 1095,744443 -853,3297538 -170,6659508 -170,6659508 347,336197 4274,6043126 -3743,89593



2003 1050589,6 276656,6 32,47 231690460 156 339,009723 0 17,40117662 1 1,740117662 1030 67,8019446 1117,943239 -778,9335159 -155,7867032 -155,7867032 406,8531873 5303,3083443 -3440,58758



2004 1529299,5 478709,9 42,97 246407810 180,3333333 776,2946497 0 30,10994685 1 3,010994685 155,25893 189,3798715 586,9147782 117,3829556 117,3829556 469,5318226 6330,0661556 -3110,52143



2005 2016984,5 487685 55,21 213079440 231 1016,122283 0 30,67446366 1 3,067446366 203,224457 237,9663666 778,1559164 155,6311833 155,6311833 622,5247331 7412,6500488 -2697,87138



2006 2392377 375392,5 62,36 247841245 270 883,447057 0 23,6114779 1 2,36114779 176,689411 203,6620371 679,7850199 135,957004 135,957004 543,8280159 8339,9195899 -2357,95179



2007 2732394,5 340017,5 66,66 132349455 300 855,3727476 0 21,38645734 1 2,138645734 171,07455 195,5996526 659,773095 131,954619 131,954619 527,818476 9311,0917778 -2046,86001



2008 2926702,5 194308 91,35 210171400 300 669,8661981 0 12,22160551 1 1,222160551 133,97324 148,4170057 521,4491924 104,2898385 104,2898385 417,1593539 10231,8436779 -1815,01633



2009 2926702,5 0 60 0 300 0 0 0 1 0 0 1 -1 -0,2 0 -1 11 -0,52406191 -1815,54039



2010 3091608,2 164905,7 400 -51295890 300 414,8902592 0 10,37225648 1 1,037225648 82,9780518 95,38753396 319,5027252 63,90054504 63,90054504 255,6021802 12126,3096348 -1689,23076



2011 3659698 568089,8 392 74040400 300 1400,685518 0 35,73177343 1 3,573177343 280,137104 320,4420544 1080,243464 216,0486928 216,0486928 864,1947711 13402,6918936 -1286,53886



2012 4229853 570155 384,16 -235126510 300 1377,661938 0 35,8616706 1 3,58616706 275,532388 315,9802252 1061,681713 212,3363425 212,3363425 849,34537 14373,1942156 -913,344649



2013 4749729 519876 376,4768 -219673000 300 1231,049644 0 32,69921664 1 3,269921664 246,209929 283,1790672 947,8705772 189,5741154 189,5741154 758,2964617 15314,1802904 -599,164358



2014 5199452 449723 368,947264 -197355000 300 1043,631005 0 28,28672569 1 2,828672569 208,726201 240,8415993 802,7894058 160,5578812 160,5578812 642,2315247 16250,9116659 -348,252692



2015 5689028 489576 361,5683187 24858700 300 1113,39193 0 30,79340398 1 3,079340398 4000 750 950 222,678386 1207,55113 -94,15920007 -18,83184001 -18,83184001 -3875,32736 17 -1427,66711 -1775,91981



2016 6444182 755154 354,3369523 719654400 300 1683,021068 0 47,49775763 1 4,749775763 950 336,604214 1339,851747 343,169321 68,63386421 68,63386421 1224,535457 18425,3821416 -1350,53767



2017 7098449,5 654267,5 347,2502133 666976200 300 1429,010595 0 41,15218768 1 4,115218768 950 285,802119 1282,069525 146,9410696 29,38821392 29,38821392 1067,552856 19349,6927291 -1000,84494



2018 7586291 487841,5 340,305209 528222200 300 1044,202958 0 30,68430721 1 3,068430721 950 208,840592 1193,59333 -149,3903716 -29,87807432 -29,87807432 830,4877027 20256,5191245 -744,325812



2019 8064097 477806 333,4991049 517110300 300 1002,26797 0 30,05309325 1 3,005309325 950 200,453594 1184,511997 -182,2440268 -36,44880537 -36,44880537 804,2047785 21234,2300005 -510,095811



2020 8535723 471626 326,8291228 508983800 300 969,5184255 0 29,66438294 1 2,966438294 193,903685 227,5345063 741,9839191 148,3967838 148,3967838 593,5871353 22163,0232989 -347,072512



2021 8989277 453554 320,2925403 491506700 231 913,7205768 0 28,52768834 1 2,852768834 182,744115 215,1245725 698,5960043 139,7192009 139,7192009 558,8768034 23144,7340146 -202,338498



2022 9424002 434725 313,8866895 486772700 231 858,2722988 0 27,34337987 1 2,734337987 171,65446 202,7321776 655,5401211 131,1080242 131,1080242 524,4320969 24128,0657849 -74,2727129



2023 9819693 395691 307,6089557 477554700 231 765,5837867 0 24,88821514 1 2,488821514 153,116757 181,493794 584,0899927 116,8179985 116,8179985 467,2719942 25107,5976859 33,32497299



2024 10195230 375537 301,4567766 471223300 231 712,057989 0 23,62056667 1 2,362056667 142,411598 169,3942211 542,6637679 108,5327536 108,5327536 434,1310143 2694,26344741 127,5884204



2025 10537150 341920 295,4276411 455548600 231 635,3502591 0 21,50612099 1 2,150612099 127,070052 151,7267849 483,6234742 96,72469484 96,72469484 386,8987794 2779,21532212 206,8037425



2026 10856376 319226 289,5190882 447699000 231 581,3170197 0 20,07871133 1 2,007871133 116,263404 139,3499864 441,9670333 88,39340666 88,39340666 353,5736267 2868,26231669 275,0660592



2027 11154096 297720 283,7287065 439238000 231 531,3110744 0 18,72602463 1 1,872602463 106,262215 127,860842 403,4502325 80,69004649 80,69004649 322,760186 2958,75846534 333,8245245



2028 11443020 288924 278,0541323 430394000 231 505,3014593 0 18,17277287 1 1,817277287 101,060292 122,050342 383,2511173 76,65022345 76,65022345 306,6008938 3052,63240691 386,4569315



2029 11717874 274854 272,4930497 390908000 231 471,0804389 0 17,28779649 1 1,728779649 94,2160878 114,2326639 356,847775 71,369555 71,369555 285,47822 3146,21065473 432,6675862



2030 11985437 267563 267,0431887 5195000 231 449,4124938 0 16,82920639 1 1,682920639 89,8824988 109,3946258 340,017868 68,0035736 68,0035736 272,0142944 3241,51931652 474,1869027



2031 12246104 260667 261,7023249 429,0730273 0 16,39546104 1 1,639546104 85,8146055 104,8496126 324,2234147 64,84468293 64,84468293 259,3787317 3337,33207746 511,5189802



2032 12492085 245981 256,4682784 396,8010376 0 15,47173943 1 1,547173943 79,3602075 97,3791209 299,4219167 59,88438334 59,88438334 239,5375334 34 32,5095304 544,0285106



2033 12721195 229110 251,3389129 362,1940882 0 14,41058546 1 1,441058546 72,4388176 89,29046165 272,9036266 54,58072532 54,58072532 218,3229013 3527,93995769 571,9684682



2034 12941709 220514 246,3121346 341,6327957 0 13,86991332 1 1,386991332 68,3265591 84,5834638 257,0493319 51,40986638 51,40986638 205,6394655 3624,81545507 596,7839233



2035 13157516 215807 241,3858919 327,6536355 0 13,57385193 1 1,357385193 65,5307271 81,46196422 246,1916712 49,23833425 49,23833425 196,953337 3722,41137218 619,1952955



2036 13374376 216860 236,5581741 322,6673279 0 13,64008364 1 1,364008364 200 64,5334656 80,53755759 242,1297703 48,42595407 48,42595407 -6,29618372 38 -0,67557228 618,5197232



2037 13376123 1747 231,8270106 2,547384605 0 0,109882994 1 0,010988299 0,50947692 1,630348215 0,91703639 0,183407278 0,183407278 0,733629112 390,074226728



SUM 618,5197232



DATE FOPT vol oil per year oil prize Vol gas per year Gas prize



INCOME



EXPENDITURE



Cap Allowance royalty Fiscal allowanceTaxable income



OPEX CAPEX



Tax Net tax cash flow i NPV cum NPV
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oil income Gas income Field / offshoreCO2 - duty Gas oil transportation Subsea/platform Production unit Drilling abandon



 (SM3) Sm3 (UsD/BBL) Sm3 (cents per gallon)(MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK)



1999 237282,60 237282,604 21,39 45087848 110,8333333 191,5426601 0 14,92462678 1 1,492462678 3500 1650 1030 38,308532 1085,725621 -894,1829614 -178,8365923 -178,8365923 -4835,34637 1 -4559,49681 -4559,49681



2000 429693,11 192410,504 34,29 62183542 138,4 248,9918274 0 12,1022566 1 1,21022566 1030 49,7983655 1094,110848 -845,1190204 -169,0238041 -169,0238041 353,9047837 2314,6770624 -4244,81975



2001 700568,86 270875,748 28,03 103837010 139,3333333 286,5378854 0 17,03757197 1 1,703757197 1030 57,3075771 1107,048906 -820,5110208 -164,1022042 -164,1022042 373,5911833 3313,2309011 -3931,58885



2002 1006112,90 305544,044 27,33 174349490 136,5 315,1390956 0 19,21814219 1 1,921814219 1030 63,0278191 1115,167776 -800,0286799 -160,005736 -160,005736 389,9770561 4308,3162145 -3623,27263



2003 1365766,48 359653,58 32,47 231690460 156 440,7126399 0 22,62152961 1 2,262152961 1030 88,142528 1144,026211 -703,3135707 -140,6627141 -140,6627141 467,3491435 5348,4079745 -3274,86466



2004 1988089,35 622322,87 42,97 246407810 180,3333333 1009,183045 0 39,1429309 1 3,91429309 201,836609 245,8938329 763,2892117 152,6578423 152,6578423 610,6313693 6429,2547148 -2845,60994



2005 2622079,85 633990,5 55,21 213079440 231 1320,958968 0 39,87680275 1 3,987680275 264,191794 309,0562766 1011,902691 202,3805383 202,3805383 809,5221531 7536,6041511 -2309,00579



2006 3110090,10 488010,25 62,36 247841245 270 1148,481174 0 30,69492127 1 3,069492127 229,696235 264,4606482 884,0205259 176,8041052 176,8041052 707,2164207 8442,0454789 -1866,96031



2007 3552112,85 442022,75 66,66 132349455 300 1111,984572 0 27,80239454 1 2,780239454 222,396914 253,9795484 858,0050235 171,6010047 171,6010047 686,4040188 9404,5607651 -1462,39955



2008 3804713,25 252600,4 91,35 210171400 300 870,8260575 0 15,88808717 1 1,588808717 174,165212 192,6421074 678,1839501 135,63679 135,63679 542,5471601 10301,5301655 -1160,86938



2009 3804713,25 0 60 0 300 0 0 0 1 0 0 1 -1 -0,2 0 -1 11 -0,52406191 -1161,39345



2010 4019090,66 214377,41 400 -51295890 300 539,3573369 0 13,48393342 1 1,348393342 107,871467 123,7037942 415,6535428 83,13070856 83,13070856 332,5228342 12164,3211249 -997,072321



2011 4757607,40 738516,74 412 74040400 300 1913,793785 0 46,45130545 1 4,645130545 382,758757 434,8551929 1478,938592 295,7877184 295,7877184 1183,150873 13551,3169966 -445,755325



2012 5498808,90 741201,5 424,36 -235126510 300 1978,37361 0 46,62017178 1 4,662017178 395,674722 447,9569109 1530,416699 306,0833397 306,0833397 1224,333359 14537,9603442 92,20501968



2013 6174647,70 675838,8 437,0908 -219673000 300 1858,028479 0 42,50898163 1 4,250898163 371,605696 419,3655756 1438,662903 287,7325807 287,7325807 1150,930323 15476,8578534 569,0628731



2014 6759287,60 584639,9 450,203524 -197355000 300 1655,521867 0 36,7727434 1 3,67727434 331,104373 372,554391 1282,967475 256,5934951 256,5934951 1026,37398 16400,9912242 970,0540973



2015 7395736,40 636448,8 463,7096297 24858700 300 1856,295734 0 40,03142517 1 4,003142517 4000 750 950 371,259147 1366,293715 490,0020198 98,00040395 98,00040395 -3407,99838 17 -1255,50354 -285,449443



2016 8377436,60 981700,2 477,6209186 719654400 300 2949,169942 0 61,74708491 1 6,174708491 950 589,833988 1608,755782 1340,41416 268,082832 268,082832 2022,331328 18702,5224354 417,0729924



2017 9227984,35 850547,75 491,9495462 666976200 300 2631,824007 0 53,49784399 1 5,349784399 950 526,364801 1536,21243 1095,611577 219,1223155 219,1223155 1826,489262 19598,2935751 1015,366567



2018 9862178,30 634193,95 506,7080326 528222200 300 2021,238042 0 39,88959937 1 3,988959937 950 404,247608 1399,126168 622,1118741 124,4223748 124,4223748 1447,689499 20447,1589907 1462,525558



2019 10483326,10 621147,8 521,9092735 517110300 300 2039,048448 0 39,06902122 1 3,906902122 950 407,80969 1401,785613 637,2628355 127,4525671 127,4525671 1459,810268 21425,1794681 1887,705026



2020 11096439,90 613113,8 537,5665517 508983800 300 2073,055406 0 38,56369783 1 3,856369783 414,611081 458,0311489 1615,024257 323,0048515 323,0048515 1292,019406 22354,8413591 2242,546385



2021 11686060,10 589620,2 553,6935483 491506700 231 2053,427608 0 37,08599484 1 3,708599484 410,685522 452,4801159 1600,947492 320,1894984 320,1894984 1280,757993 23331,6817678 2574,228153



2022 12251202,60 565142,5 570,3043547 486772700 231 2027,22632 0 35,54639383 1 3,554639383 405,445264 445,5462972 1581,680023 316,3360045 316,3360045 1265,344018 24308,9957228 2883,223876



2023 12765600,90 514398,3 587,4134854 477554700 231 1900,557516 0 32,35467968 1 3,235467968 380,111503 416,7016508 1483,855865 296,771173 296,771173 1187,084692 25273,3473596 3156,571236



2024 13253799,00 488198,1 605,0358899 471223300 231 1857,867775 0 30,70673667 1 3,070673667 371,573555 406,3509654 1451,51681 290,303362 290,303362 1161,213448 26 252,135828 3408,707064



2025 13698295,00 444496 623,1869666 455548600 231 1742,303459 0 27,95795728 1 2,795795728 348,460692 380,2144449 1362,089014 272,4178029 272,4178029 1089,671211 27223,1039761 3631,81104



2026 14113288,80 414993,8 641,8825756 447699000 231 1675,462743 0 26,10232473 1 2,610232473 335,092549 364,8051057 1310,657637 262,1315274 262,1315274 1048,52611 28202,4325797 3834,243619



2027 14500324,80 387036 661,1390529 439238000 231 1609,465804 0 24,34383201 1 2,434383201 321,893161 349,671376 1259,794428 251,9588856 251,9588856 1007,835542 29183,4763777 4017,719997



2028 14875926,00 375601,2 680,9732245 430394000 231 1608,772326 0 23,62460473 1 2,362460473 321,754465 348,7415304 1260,030796 252,0061591 252,0061591 1008,024637 30173,0417749 4190,761772



2029 15233236,20 357310,2 701,4024212 390908000 231 1576,341302 0 22,47413544 1 2,247413544 315,26826 340,9898093 1235,351492 247,0702984 247,0702984 988,2811938 31 159,974099 4350,735871



2030 15581068,10 347831,9 722,4444939 5195000 231 1580,561774 0 21,87796831 1 2,187796831 316,112355 341,17812 1239,383654 247,8767308 247,8767308 991,5069234 32151,3401708 4502,076042



2031 15919935,20 338867,1 744,1178287 1586,020133 0 21,31409935 1 2,131409935 317,204027 341,6495359 1244,370597 248,8741194 248,8741194 995,4964778 33143,2806436 4645,356685



2032 16239710,50 319775,3 766,4413635 1541,563539 0 20,11326126 1 2,011326126 308,312708 331,4372951 1210,126243 242,0252487 242,0252487 968,1009948 34131,3886316 4776,745317



2033 16537553,50 297843 789,4346045 1478,907928 0 18,73376109 1 1,873376109 295,781586 317,3887228 1161,519205 232,303841 232,303841 929,215364 35118,9166954 4895,662012



2034 16824221,70 286668,2 813,1176426 1466,123259 0 18,03088732 1 1,803088732 293,224652 314,0586279 1152,064631 230,4129262 230,4129262 921,651705 36111,2199276 5006,88194



2035 17104770,80 280549,1 837,5111719 1477,872843 0 17,64600751 1 1,764600751 295,574569 315,9851768 1161,887666 232,3775332 232,3775332 929,5101327 37105,7692033 5112,651143



2036 17386688,80 281918 862,636507 1529,636433 0 17,73210873 1 1,773210873 200 305,927287 326,4326063 1203,203827 240,6407654 240,6407654 762,5630618 38 81,8220198 5194,473163



2037 17388959,90 2271,1 888,5156022 12,69225811 0 0,142847892 1 0,014284789 2,53845162 3,695584305 8,99667381 1,799334762 1,799334762 7,197339048 390,728208461



SUM 5194,473163



DATE FOPT vol oil per year oil prize Vol gas per year Gas prize



INCOME



EXPENDITURE



Cap Allowance royalty Fiscal allowanceTaxable income



OPEX CAPEX



Tax Net tax cash flow i NPV cum NPV
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oil income Gas income Field / offshoreCO2 - duty Gas oil transportation Subsea/platform Production unit Drilling abandon



 (SM3) Sm3 (UsD/BBL) Sm3 (cents per gallon)(MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK)



1999 177049,33 177049,3276 21,39 45087848 110,8333333 142,9202926 0 11,13606768 1 1,113606768 3500 1650 1030 28,5840585 1071,833733 -928,9134404 -185,7826881 -185,7826881 -4863,13075 1 -4585,69614 -4585,69614



2000 320617,17 143567,8376 34,29 62183542 138,4 185,7862097 0 9,030145312 1 0,903014531 1030 37,1572419 1078,090402 -892,3041921 -178,4608384 -178,4608384 316,1566463 2281,1130262 -4304,58311



2001 522732,15 202114,9812 28,03 103837010 139,3333333 213,8013453 0 12,71264986 1 1,271264986 1030 42,7602691 1087,744184 -873,9428386 -174,7885677 -174,7885677 330,8457291 3277,3917332 -4027,19138



2002 750715,01 227982,8636 27,33 174349490 136,5 235,1422483 0 14,33969071 1 1,433969071 1030 47,0284497 1093,802109 -858,6598612 -171,7319722 -171,7319722 343,0721111 4271,2331224 -3755,95825



2003 1019071,91 268356,902 32,47 231690460 156 328,8394313 0 16,87914133 1 1,687914133 1030 65,7678863 1115,334942 -786,4955104 -157,2991021 -157,2991021 400,8035917 5298,7983813 -3457,15987



2004 1483420,52 464348,603 42,97 246407810 180,3333333 753,0058102 0 29,20664844 1 2,920664844 150,601162 183,7284753 569,2773349 113,855467 113,855467 455,4218679 6320,1472997 -3137,01257



2005 1956474,97 473054,45 55,21 213079440 231 985,6386146 0 29,75422975 1 2,975422975 197,127723 230,8573756 754,7812389 150,9562478 150,9562478 603,8249911 7400,2546386 -2736,75793



2006 2320605,69 364130,725 62,36 247841245 270 856,9436453 0 22,90313356 1 2,290313356 171,388729 197,582176 659,3614693 131,8722939 131,8722939 527,4891754 8 329,707001 -2407,05093



2007 2650422,67 329816,975 66,66 132349455 300 829,7115652 0 20,74486362 1 2,074486362 165,942313 189,761663 639,9499022 127,9899804 127,9899804 511,9599217 9 301,744879 -2105,30605



2008 2838901,43 188478,76 91,35 210171400 300 649,7702122 0 11,85495735 1 1,185495735 129,954042 143,9944955 505,7757166 101,1551433 101,1551433 404,6205733 10224,8750291 -1880,43103



2009 2838901,43 0 60 0 300 0 0 0 1 0 0 1 -1 -0,2 0 -1 11 -0,52406191 -1880,95509



2010 2998859,95 159958,529 400 -51295890 300 402,4435514 0 10,06108879 1 1,006108879 80,4887103 92,55590795 309,8876435 61,97752869 61,97752869 247,9101148 12122,5084858 -1758,4466



2011 3549907,06 551047,106 412 74040400 300 1427,984593 0 34,65982022 1 3,465982022 285,596919 324,7227209 1103,261872 220,6523745 220,6523745 882,6094979 13 411,272669 -1347,17393



2012 4102957,41 553050,35 424,36 -235126510 300 1476,171078 0 34,78582048 1 3,478582048 295,234216 334,4986181 1141,67246 228,334492 228,334492 913,3379678 14401,3119498 -945,861983



2013 4607237,13 504279,72 437,0908 -219673000 300 1386,375096 0 31,71824014 1 3,171824014 277,275019 313,1650833 1073,210012 214,6420025 214,6420025 858,56801 15355,7251818 -590,136801



2014 5043468,44 436231,31 450,203524 -197355000 300 1235,274008 0 27,43812392 1 2,743812392 247,054802 278,2367379 957,0372702 191,407454 191,407454 765,6298161 16299,1218046 -291,014996



2015 5518357,16 474888,72 463,7096297 24858700 300 1385,082202 0 29,86960186 1 2,986960186 4000 750 950 277,01644 1260,873002 124,2091994 24,84183987 24,84183987 -3700,63264 17 -1363,30974 -1654,32473



2016 6250856,54 732499,38 477,6209186 719654400 300 2200,534495 0 46,0728249 1 4,60728249 950 440,106899 1441,787006 758,7474886 151,7494977 151,7494977 1556,997991 18540,8737952 -1113,45094



2017 6885496,02 634639,475 491,9495462 666976200 300 1963,745605 0 39,91762205 1 3,991762205 950 392,749121 1387,658505 576,0871 115,21742 115,21742 1410,86968 19462,1512332 -651,299705



2018 7358702,27 473206,255 506,7080326 528222200 300 1508,154539 0 29,76377799 1 2,976377799 950 301,630908 1285,371064 222,7834753 44,55669506 44,55669506 1128,22678 20348,4840835 -302,815622



2019 7822174,09 463471,82 521,9092735 517110300 300 1521,443842 0 29,15150045 1 2,915150045 950 304,288768 1287,355419 234,0884234 46,81768468 46,81768468 1137,270739 21331,2376808 28,42205912



2020 8279651,31 457477,22 537,5665517 508983800 300 1546,818265 0 28,77445146 1 2,877445146 309,363653 342,0155495 1204,802715 240,960543 240,960543 963,8421721 22264,7104716 293,1325308



2021 8719598,69 439947,38 553,6935483 491506700 231 1532,172907 0 27,67185769 1 2,767185769 306,434581 337,8736249 1194,299282 238,8598565 238,8598565 955,4394259 23247,4330353 540,5655661



2022 9141281,94 421683,25 570,3043547 486772700 231 1512,622716 0 26,52307848 1 2,652307848 302,524543 332,6999294 1179,922786 235,9845572 235,9845572 943,9382289 24230,5087558 771,0743219



2023 9525102,21 383820,27 587,4134854 477554700 231 1418,1083 0 24,14156868 1 2,414156868 283,62166 311,1773856 1106,930915 221,3861829 221,3861829 885,5447317 25203,9124217 974,9867436



2024 9889373,10 364270,89 605,0358899 471223300 231 1386,255186 0 22,91194967 1 2,291194967 277,251037 303,4541819 1082,801004 216,5602008 216,5602008 866,2408034 26188,0880235 1163,074767



2025 10221035,50 331662,4 623,1869666 455548600 231 1300,026427 0 20,86093736 1 2,086093736 260,005285 283,9523165 1016,074111 203,2148221 203,2148221 812,8592886 27 166,428311 1329,503078



2026 10530684,72 309649,22 641,8825756 447699000 231 1250,15297 0 19,47634999 1 1,947634999 250,030594 272,4545789 977,6983907 195,5396781 195,5396781 782,1587125 28151,0066411 1480,509719



2027 10819473,12 288788,4 661,1390529 439238000 231 1200,9091 0 18,16424389 1 1,816424389 240,18182 261,1624883 939,7466117 187,9493223 187,9493223 751,7972894 29136,8646348 1617,374354



2028 11099729,40 280256,28 680,9732245 430394000 231 1200,391659 0 17,62758968 1 1,762758968 240,078332 260,4686804 939,9229783 187,9845957 187,9845957 751,9383827 30129,0809248 1746,455279



2029 11366337,78 266608,38 701,4024212 390908000 231 1176,193125 0 16,7691626 1 1,67691626 235,238625 254,6847039 921,5084211 184,3016842 184,3016842 737,2067369 31 119,332417 1865,787696



2030 11625873,89 259536,11 722,4444939 5195000 231 1179,342247 0 16,3243302 1 1,63243302 235,868449 254,8252126 924,5170343 184,9034069 184,9034069 739,6136274 32112,8920536 1978,679749



2031 11878720,88 252846,99 744,1178287 1183,415022 0 15,90359721 1 1,590359721 236,683004 255,1769614 928,238061 185,6476122 185,6476122 742,5904488 33106,8801747 2085,559924



2032 12117322,45 238601,57 766,4413635 1150,243563 0 15,00758725 1 1,500758725 230,048713 247,5570587 902,6865048 180,537301 180,537301 722,1492038 3498,00857161 2183,568496



2033 12339559,15 222236,7 789,4346045 1103,492838 0 13,97826789 1 1,397826789 220,698568 237,0746624 866,4181761 173,2836352 173,2836352 693,1345409 3588,70416083 2272,272656



2034 12553457,73 213898,58 813,1176426 1093,953509 0 13,45381592 1 1,345381592 218,790702 234,5898993 859,3636094 171,8727219 171,8727219 687,4908875 3682,96267054 2355,235327



2035 12762790,52 209332,79 837,5111719 1102,720506 0 13,16663637 1 1,316663637 220,544101 236,0274011 866,6931045 173,3386209 173,3386209 693,3544836 3778,89698964 2434,132317



2036 12973144,72 210354,2 862,636507 1141,344108 0 13,23088113 1 1,323088113 200 228,268822 243,8227909 897,5213172 179,5042634 179,5042634 518,0170538 3855,58255279 2489,714869



2037 12974839,31 1694,59 888,5156022 9,470377209 0 0,106586504 1 0,01065865 1,89407544 3,011320597 6,459056612 1,291811322 1,291811322 5,16724529 390,522808737



SUM 2489,714869



DATE FOPT vol oil per year oil prize Vol gas per year Gas prize



INCOME



EXPENDITURE



Cap Allowance royalty Fiscal allowanceTaxable income



OPEX CAPEX



Tax Net tax cash flow i NPV cum NPV
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oil income Gas income Field / offshoreCO2 - duty Gas oil transportation Subsea/platform Production unit Drilling abandon



 (SM3) Sm3 (UsD/BBL) Sm3 (cents per gallon)(MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK)



1999 182525,08 182525,08 21,39 45087848 110,8333333 147,3405078 0 11,48048214 1 1,148048214 4900 2310 1442 29,4681016 1485,096632 -1337,756124 -267,5512248 -267,5512248 -6838,2049 1 -6448,09514 -6448,09514



2000 330533,16 148008,08 34,29 62183542 138,4 191,5321749 0 9,309428157 1 0,930942816 1442 38,306435 1491,546806 -1300,014631 -260,0029262 -260,0029262 401,9882952 2357,4308732 -6090,66427



2001 538899,12 208365,96 28,03 103837010 139,3333333 220,413758 0 13,10582459 1 1,310582459 1442 44,0827516 1501,499159 -1281,085401 -256,2170801 -256,2170801 417,1316795 3349,7366578 -5740,92761



2002 773933,00 235033,88 27,33 174349490 136,5 242,4146889 0 14,7831863 1 1,47831863 1442 48,4829378 1507,744443 -1265,329754 -253,0659508 -253,0659508 429,736197 4339,7498274 -5401,17778



2003 1050589,6 276656,6 32,47 231690460 156 339,009723 0 17,40117662 1 1,740117662 1442 67,8019446 1529,943239 -1190,933516 -238,1867032 -238,1867032 489,2531873 5364,7374012 -5036,44038



2004 1529299,5 478709,9 42,97 246407810 180,3333333 776,2946497 0 30,10994685 1 3,010994685 155,25893 189,3798715 586,9147782 117,3829556 117,3829556 469,5318226 6330,0661556 -4706,37423



2005 2016984,5 487685 55,21 213079440 231 1016,122283 0 30,67446366 1 3,067446366 203,224457 237,9663666 778,1559164 155,6311833 155,6311833 622,5247331 7412,6500488 -4293,72418



2006 2392377 375392,5 62,36 247841245 270 883,447057 0 23,6114779 1 2,36114779 176,689411 203,6620371 679,7850199 135,957004 135,957004 543,8280159 8339,9195899 -3953,80459



2007 2732394,5 340017,5 66,66 132349455 300 855,3727476 0 21,38645734 1 2,138645734 171,07455 195,5996526 659,773095 131,954619 131,954619 527,818476 9311,0917778 -3642,71281



2008 2926702,5 194308 91,35 210171400 300 669,8661981 0 12,22160551 1 1,222160551 133,97324 148,4170057 521,4491924 104,2898385 104,2898385 417,1593539 10231,8436779 -3410,86913



2009 2926702,5 0 60 0 300 0 0 0 1 0 0 1 -1 -0,2 0 -1 11 -0,52406191 -3411,3932



2010 3091608,2 164905,7 400 -51295890 300 414,8902592 0 10,37225648 1 1,037225648 82,9780518 95,38753396 319,5027252 63,90054504 63,90054504 255,6021802 12126,3096348 -3285,08356



2011 3659698 568089,8 412 74040400 300 1472,149065 0 35,73177343 1 3,573177343 294,429813 334,7347638 1137,414301 227,4828603 227,4828603 909,9314411 13424,0039715 -2861,07959



2012 4229853 570155 424,36 -235126510 300 1521,825854 0 35,8616706 1 3,58616706 304,365171 344,8130084 1177,012845 235,402569 235,402569 941,6102761 14413,7345311 -2447,34506



2013 4749729 519876 437,0908 -219673000 300 1429,252676 0 32,69921664 1 3,269921664 285,850535 322,8196735 1106,433003 221,2866005 221,2866005 885,1464021 15366,7372428 -2080,60782



2014 5199452 449723 450,203524 -197355000 300 1273,478359 0 28,28672569 1 2,828672569 254,695672 286,81107 986,6672888 197,3334578 197,3334578 789,3338311 16 308,382661 -1772,22515



2015 5689028 489576 463,7096297 24858700 300 1427,919796 0 30,79340398 1 3,079340398 5600 1050 1330 285,583959 1650,456703 -222,5369079 -44,50738158 -44,50738158 -5498,02953 17 -2025,46913 -3797,69429



2016 6444182 755154 477,6209186 719654400 300 2268,592263 0 47,49775763 1 4,749775763 1330 453,718453 1836,965986 431,6262769 86,32525539 86,32525539 1675,301022 18581,9701932 -3215,72409



2017 7098449,5 654267,5 491,9495462 666976200 300 2024,480005 0 41,15218768 1 4,115218768 1330 404,896001 1781,163408 243,3165979 48,66331958 48,66331958 1524,653278 19499,4227339 -2716,30136



2018 7586291 487841,5 506,7080326 528222200 300 1554,798494 0 30,68430721 1 3,068430721 1330 310,959699 1675,712437 -120,913943 -24,1827886 -24,1827886 1233,268846 20380,9292342 -2335,37213



2019 8064097 477806 521,9092735 517110300 300 1568,498807 0 30,05309325 1 3,005309325 1330 313,699761 1677,758164 -109,2593573 -21,85187147 -21,85187147 1242,592514 21361,9133497 -1973,45878



2020 8535723 471626 537,5665517 508983800 300 1594,658005 0 29,66438294 1 2,966438294 318,931601 352,5624222 1242,095583 248,4191165 248,4191165 993,6764661 22272,9041887 -1700,55459



2021 8989277 453554 553,6935483 491506700 231 1579,559698 0 28,52768834 1 2,852768834 315,91194 348,2923968 1231,267301 246,2534603 246,2534603 985,0138411 23 255,092011 -1445,46258



2022 9424002 434725 570,3043547 486772700 231 1559,404861 0 27,34337987 1 2,734337987 311,880972 342,9586901 1216,446171 243,2892343 243,2892343 973,156937 24237,6439346 -1207,81864



2023 9819693 395691 587,4134854 477554700 231 1461,96732 0 24,88821514 1 2,488821514 292,393464 320,7705006 1141,196819 228,2393638 228,2393638 912,9574553 25210,2246888 -997,593954



2024 10195230 375537 605,0358899 471223300 231 1429,129058 0 23,62056667 1 2,362056667 285,825812 312,8084349 1116,320623 223,2641246 223,2641246 893,0564983 26193,9105512 -803,683403



2025 10537150 341920 623,1869666 455548600 231 1340,23343 0 21,50612099 1 2,150612099 268,046686 292,7034191 1047,530011 209,5060022 209,5060022 838,0240088 27171,5806442 -632,102759



2026 10856376 319226 641,8825756 447699000 231 1288,817494 0 20,07871133 1 2,007871133 257,763499 280,8500813 1007,967413 201,5934826 201,5934826 806,3739304 28155,6817264 -476,421032



2027 11154096 297720 661,1390529 439238000 231 1238,050619 0 18,72602463 1 1,872602463 247,610124 269,2087508 968,8418678 193,7683736 193,7683736 775,0734942 29141,1020659 -335,318966



2028 11443020 288924 680,9732245 430394000 231 1237,517174 0 18,17277287 1 1,817277287 247,503435 268,4934849 969,023689 193,8047378 193,8047378 775,2189512 30133,0773657 -202,2416



2029 11717874 274854 701,4024212 390908000 231 1212,570232 0 17,28779649 1 1,728779649 242,514046 262,5306225 950,0396094 190,0079219 190,0079219 760,0316875 31123,0271153 -79,2144851



2030 11985437 267563 722,4444939 5195000 231 1215,816749 0 16,82920639 1 1,682920639 243,16335 262,6754769 953,1412725 190,6282545 190,6282545 762,513018 32 116,387337 37,17285184



2031 12246104 260667 744,1178287 1220,015487 0 16,39546104 1 1,639546104 244,003097 263,0381045 956,9773825 191,3954765 191,3954765 765,581906 33110,1893082 147,36216



2032 12492085 245981 766,4413635 1185,818107 0 15,47173943 1 1,547173943 237,163621 255,1825347 930,6355719 186,1271144 186,1271144 744,5084575 34101,0431225 248,4052826



2033 12721195 229110 789,4346045 1137,621483 0 14,41058546 1 1,441058546 227,524297 244,3759406 893,2455424 178,6491085 178,6491085 714,5964339 3591,45075488 339,8560374



2034 12941709 220514 813,1176426 1127,787122 0 13,86991332 1 1,386991332 225,557424 241,8143291 885,9727932 177,1945586 177,1945586 708,7782346 36 85,5315121 425,3875495



2035 13157516 215807 837,5111719 1136,825264 0 13,57385193 1 1,357385193 227,365053 243,2962898 893,5289738 178,7057948 178,7057948 714,823179 3781,33991815 506,7274677



2036 13374376 216860 862,636507 1176,64341 0 13,64008364 1 1,364008364 280 235,328682 251,3327741 925,3106363 185,0621273 185,0621273 460,248509 3849,38406344 556,1115311



2037 13376123 1747 888,5156022 9,763275473 0 0,109882994 1 0,010988299 1,95265509 3,073526388 6,689749085 1,337949817 1,337949817 5,351799268 390,541481439



SUM 556,1115311



DATE FOPT vol oil per year oil prize Vol gas per year Gas prize cum NPV



INCOME



EXPENDITURE



Cap Allowance royalty Fiscal allowanceTaxable income



OPEX CAPEX



Tax Net tax cash flow i NPV
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oil income Gas income Field / offshoreCO2 - duty Gas oil transportation Subsea/platform Production unit Drilling abandon



 (SM3) Sm3 (UsD/BBL) Sm3 (cents per gallon)(MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK)



1999 182525,08 182525,08 21,39 45087848 110,8333333 147,3405078 0 11,48048214 1 1,148048214 2100 990 618 29,4681016 661,0966319 -513,7561241 -102,7512248 -102,7512248 -2883,0049 1 -2718,53362 -2718,53362



2000 330533,16 148008,08 34,29 62183542 138,4 191,5321749 0 9,309428157 1 0,930942816 618 38,306435 667,546806 -476,0146311 -95,20292621 -95,20292621 237,1882952 2210,8977313 -2507,63588



2001 538899,12 208365,96 28,03 103837010 139,3333333 220,413758 0 13,10582459 1 1,310582459 618 44,0827516 677,4991587 -457,0854006 -91,41708013 -91,41708013 252,3316795 3211,5630209 -2296,07286



2002 773933,00 235033,88 27,33 174349490 136,5 242,4146889 0 14,7831863 1 1,47831863 618 48,4829378 683,7444427 -441,3297538 -88,26595076 -88,26595076 264,936197 4209,4587978 -2086,61407



2003 1050589,6 276656,6 32,47 231690460 156 339,009723 0 17,40117662 1 1,740117662 618 67,8019446 705,9432389 -366,9335159 -73,38670318 -73,38670318 324,4531873 5241,8792875 -1844,73478



2004 1529299,5 478709,9 42,97 246407810 180,3333333 776,2946497 0 30,10994685 1 3,010994685 155,25893 189,3798715 586,9147782 117,3829556 117,3829556 469,5318226 6330,0661556 -1514,66862



2005 2016984,5 487685 55,21 213079440 231 1016,122283 0 30,67446366 1 3,067446366 203,224457 237,9663666 778,1559164 155,6311833 155,6311833 622,5247331 7412,6500488 -1102,01857



2006 2392377 375392,5 62,36 247841245 270 883,447057 0 23,6114779 1 2,36114779 176,689411 203,6620371 679,7850199 135,957004 135,957004 543,8280159 8339,9195899 -762,098984



2007 2732394,5 340017,5 66,66 132349455 300 855,3727476 0 21,38645734 1 2,138645734 171,07455 195,5996526 659,773095 131,954619 131,954619 527,818476 9311,0917778 -451,007206



2008 2926702,5 194308 91,35 210171400 300 669,8661981 0 12,22160551 1 1,222160551 133,97324 148,4170057 521,4491924 104,2898385 104,2898385 417,1593539 10231,8436779 -219,163528



2009 2926702,5 0 60 0 300 0 0 0 1 0 0 1 -1 -0,2 0 -1 11 -0,52406191 -219,68759



2010 3091608,2 164905,7 400 -51295890 300 414,8902592 0 10,37225648 1 1,037225648 82,9780518 95,38753396 319,5027252 63,90054504 63,90054504 255,6021802 12126,3096348 -93,3779552



2011 3659698 568089,8 412 74040400 300 1472,149065 0 35,73177343 1 3,573177343 294,429813 334,7347638 1137,414301 227,4828603 227,4828603 909,9314411 13424,0039715 330,6260163



2012 4229853 570155 424,36 -235126510 300 1521,825854 0 35,8616706 1 3,58616706 304,365171 344,8130084 1177,012845 235,402569 235,402569 941,6102761 14413,7345311 744,3605475



2013 4749729 519876 437,0908 -219673000 300 1429,252676 0 32,69921664 1 3,269921664 285,850535 322,8196735 1106,433003 221,2866005 221,2866005 885,1464021 15366,7372428 1111,09779



2014 5199452 449723 450,203524 -197355000 300 1273,478359 0 28,28672569 1 2,828672569 254,695672 286,81107 986,6672888 197,3334578 197,3334578 789,3338311 16 308,382661 1419,480451



2015 5689028 489576 463,7096297 24858700 300 1427,919796 0 30,79340398 1 3,079340398 2400 450 570 285,583959 890,4567035 537,4630921 107,4926184 107,4926184 -1850,02953 17 -681,549214 737,9312373



2016 6444182 755154 477,6209186 719654400 300 2268,592263 0 47,49775763 1 4,749775763 570 453,718453 1076,965986 1191,626277 238,3252554 238,3252554 1523,301022 18 529,168059 1267,099296



2017 7098449,5 654267,5 491,9495462 666976200 300 2024,480005 0 41,15218768 1 4,115218768 570 404,896001 1021,163408 1003,316598 200,6633196 200,6633196 1372,653278 19449,6328855 1716,732182



2018 7586291 487841,5 506,7080326 528222200 300 1554,798494 0 30,68430721 1 3,068430721 570 310,959699 915,7124367 639,086057 127,8172114 127,8172114 1081,268846 20 333,979825 2050,712007



2019 8064097 477806 521,9092735 517110300 300 1568,498807 0 30,05309325 1 3,005309325 570 313,699761 917,7581639 650,7406427 130,1481285 130,1481285 1090,592514 21317,6423369 2368,354344



2020 8535723 471626 537,5665517 508983800 300 1594,658005 0 29,66438294 1 2,966438294 318,931601 352,5624222 1242,095583 248,4191165 248,4191165 993,6764661 22272,9041887 2641,258532



2021 8989277 453554 553,6935483 491506700 231 1579,559698 0 28,52768834 1 2,852768834 315,91194 348,2923968 1231,267301 246,2534603 246,2534603 985,0138411 23 255,092011 2896,350543



2022 9424002 434725 570,3043547 486772700 231 1559,404861 0 27,34337987 1 2,734337987 311,880972 342,9586901 1216,446171 243,2892343 243,2892343 973,156937 24237,6439346 3133,994478



2023 9819693 395691 587,4134854 477554700 231 1461,96732 0 24,88821514 1 2,488821514 292,393464 320,7705006 1141,196819 228,2393638 228,2393638 912,9574553 25210,2246888 3344,219167



2024 10195230 375537 605,0358899 471223300 231 1429,129058 0 23,62056667 1 2,362056667 285,825812 312,8084349 1116,320623 223,2641246 223,2641246 893,0564983 26193,9105512 3538,129718



2025 10537150 341920 623,1869666 455548600 231 1340,23343 0 21,50612099 1 2,150612099 268,046686 292,7034191 1047,530011 209,5060022 209,5060022 838,0240088 27171,5806442 3709,710362



2026 10856376 319226 641,8825756 447699000 231 1288,817494 0 20,07871133 1 2,007871133 257,763499 280,8500813 1007,967413 201,5934826 201,5934826 806,3739304 28155,6817264 3865,392089



2027 11154096 297720 661,1390529 439238000 231 1238,050619 0 18,72602463 1 1,872602463 247,610124 269,2087508 968,8418678 193,7683736 193,7683736 775,0734942 29141,1020659 4006,494155



2028 11443020 288924 680,9732245 430394000 231 1237,517174 0 18,17277287 1 1,817277287 247,503435 268,4934849 969,023689 193,8047378 193,8047378 775,2189512 30133,0773657 4139,57152



2029 11717874 274854 701,4024212 390908000 231 1212,570232 0 17,28779649 1 1,728779649 242,514046 262,5306225 950,0396094 190,0079219 190,0079219 760,0316875 31123,0271153 4262,598636



2030 11985437 267563 722,4444939 5195000 231 1215,816749 0 16,82920639 1 1,682920639 243,16335 262,6754769 953,1412725 190,6282545 190,6282545 762,513018 32 116,387337 4378,985973



2031 12246104 260667 744,1178287 1220,015487 0 16,39546104 1 1,639546104 244,003097 263,0381045 956,9773825 191,3954765 191,3954765 765,581906 33110,1893082 4489,175281



2032 12492085 245981 766,4413635 1185,818107 0 15,47173943 1 1,547173943 237,163621 255,1825347 930,6355719 186,1271144 186,1271144 744,5084575 34101,0431225 4590,218403



2033 12721195 229110 789,4346045 1137,621483 0 14,41058546 1 1,441058546 227,524297 244,3759406 893,2455424 178,6491085 178,6491085 714,5964339 3591,45075488 4681,669158



2034 12941709 220514 813,1176426 1127,787122 0 13,86991332 1 1,386991332 225,557424 241,8143291 885,9727932 177,1945586 177,1945586 708,7782346 36 85,5315121 4767,20067



2035 13157516 215807 837,5111719 1136,825264 0 13,57385193 1 1,357385193 227,365053 243,2962898 893,5289738 178,7057948 178,7057948 714,823179 3781,33991815 4848,540588



2036 13374376 216860 862,636507 1176,64341 0 13,64008364 1 1,364008364 120 235,328682 251,3327741 925,3106363 185,0621273 185,0621273 620,248509 3866,55185431 4915,092443



2037 13376123 1747 888,5156022 9,763275473 0 0,109882994 1 0,010988299 1,95265509 3,073526388 6,689749085 1,337949817 1,337949817 5,351799268 390,541481439



SUM 4915,092443



DATE FOPT vol oil per year oil prize Vol gas per year Gas prize cum NPV



INCOME



EXPENDITURE



Cap Allowance royalty Fiscal allowanceTaxable income



OPEX CAPEX



Tax Net tax cash flow i NPV
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oil income Gas income Field / offshoreCO2 - duty Gas oil transportation Subsea/platform Production unit Drilling abandon



 (SM3) Sm3 (UsD/BBL) Sm3 (cents per gallon)(MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK)



1999 182525,08 182525,08 21,39 45087848 110,8333333 147,3405078 0 11,48048214 1 1,148048214 3500 1650 1030 29,4681016 1073,096632 -925,7561241 -185,1512248 -185,1512248 -4860,6049 1 -4583,31438 -4583,31438



2000 330533,16 148008,08 34,29 62183542 138,4 191,5321749 0 9,309428157 1 0,930942816 1030 38,306435 1079,546806 -888,0146311 -177,6029262 -177,6029262 319,5882952 2284,1643022 -4299,15008



2001 538899,12 208365,96 28,03 103837010 139,3333333 220,413758 0 13,10582459 1 1,310582459 1030 44,0827516 1089,499159 -869,0854006 -173,8170801 -173,8170801 334,7316795 3280,6498394 -4018,50024



2002 773933,00 235033,88 27,33 174349490 136,5 242,4146889 0 14,7831863 1 1,47831863 1030 48,4829378 1095,744443 -853,3297538 -170,6659508 -170,6659508 347,336197 4274,6043126 -3743,89593



2003 1050589,6 276656,6 32,47 231690460 156 339,009723 0 17,40117662 1 1,740117662 1030 67,8019446 1117,943239 -778,9335159 -155,7867032 -155,7867032 406,8531873 5303,3083443 -3440,58758



2004 1529299,5 478709,9 42,97 246407810 180,3333333 776,2946497 0 30,10994685 1 3,010994685 155,25893 189,3798715 586,9147782 117,3829556 117,3829556 469,5318226 6330,0661556 -3110,52143



2005 2016984,5 487685 55,21 213079440 231 1016,122283 0 30,67446366 1 3,067446366 203,224457 237,9663666 778,1559164 155,6311833 155,6311833 622,5247331 7412,6500488 -2697,87138



2006 2392377 375392,5 62,36 247841245 270 883,447057 0 23,6114779 1 2,36114779 176,689411 203,6620371 679,7850199 135,957004 135,957004 543,8280159 8339,9195899 -2357,95179



2007 2732394,5 340017,5 66,66 132349455 300 855,3727476 0 21,38645734 1 2,138645734 171,07455 195,5996526 659,773095 131,954619 131,954619 527,818476 9311,0917778 -2046,86001



2008 2926702,5 194308 91,35 210171400 300 669,8661981 0 12,22160551 1 1,222160551 133,97324 148,4170057 521,4491924 104,2898385 104,2898385 417,1593539 10231,8436779 -1815,01633



2009 2926702,5 0 60 0 300 0 0 0 1 0 0 1 -1 -0,2 0 -1 11 -0,52406191 -1815,54039



2010 3091608,2 164905,7 400 -51295890 300 414,8902592 0 10,37225648 1 1,037225648 82,9780518 95,38753396 319,5027252 63,90054504 63,90054504 255,6021802 12126,3096348 -1689,23076



2011 3659698 568089,8 412 74040400 300 1472,149065 0 35,73177343 1 3,573177343 294,429813 334,7347638 1137,414301 227,4828603 227,4828603 909,9314411 13424,0039715 -1265,22679



2012 4229853 570155 424,36 -235126510 300 1521,825854 0 35,8616706 1 3,58616706 304,365171 344,8130084 1177,012845 235,402569 235,402569 941,6102761 14413,7345311 -851,492255



2013 4749729 519876 437,0908 -219673000 300 1429,252676 0 32,69921664 1 3,269921664 285,850535 322,8196735 1106,433003 221,2866005 221,2866005 885,1464021 15366,7372428 -484,755012



2014 5199452 449723 450,203524 -197355000 300 1273,478359 0 28,28672569 1 2,828672569 254,695672 286,81107 986,6672888 197,3334578 197,3334578 789,3338311 16 308,382661 -176,372352



2015 5697914,5 498462,5 463,7096297 24858700 300 1453,838569 0 31,35234801 1 3,135234801 4000 750 950 290,767714 1276,255297 177,5832722 35,51665443 35,51665443 -3657,93338 17 -1347,57937 -1523,95172



2016 6480866 782951,5 477,6209186 719654400 300 2352,099989 0 49,24616777 1 4,924616777 950 470,419998 1475,590782 876,5092067 175,3018413 175,3018413 1651,207365 18573,6004796 -950,351241



2017 7163098 682232 491,9495462 666976200 300 2111,009706 0 42,91110182 1 4,291110182 950 422,201941 1420,404153 690,6055531 138,1211106 138,1211106 1502,484442 19492,1610038 -458,190237



2018 7682229,5 519131,5 506,7080326 528222200 300 1654,522779 0 32,652389 1 3,2652389 950 330,904556 1317,822184 336,7005952 67,34011903 67,34011903 1219,360476 20376,6332491 -81,5569878



2019 8192207,5 509978 521,9092735 517110300 300 1674,110171 0 32,07665117 1 3,207665117 950 334,822034 1321,10635 353,0038205 70,6007641 70,6007641 1232,403056 21358,9456023 277,3886145



2020 8696013 503805,5 537,5665517 508983800 300 1703,463069 0 31,6884126 1 3,16884126 340,692614 376,5498677 1326,913201 265,3826403 265,3826403 1061,530561 22291,5396977 568,9283122



2021 9176470 480457 553,6935483 491506700 231 1673,25283 0 30,21983613 1 3,021983613 334,650566 368,8923857 1304,360444 260,8720888 260,8720888 1043,488355 23270,2353326 839,1636448



2022 9614766 438296 570,3043547 486772700 231 1572,214419 0 27,56798901 1 2,756798901 314,442884 345,7676716 1226,446747 245,2893494 245,2893494 981,1573976 24 239,597639 1078,761284



2023 10016939 402173 587,4134854 477554700 231 1485,916493 0 25,29592067 1 2,529592067 297,183299 326,0088113 1159,907681 231,9815363 231,9815363 927,9261451 25213,6714958 1292,43278



2024 10394906 377967 605,0358899 471223300 231 1438,376572 0 23,77340907 1 2,377340907 287,675314 314,8260643 1123,550507 224,7101015 224,7101015 898,8404059 26195,1664187 1487,599198



2025 10742690 347784 623,1869666 455548600 231 1363,218716 0 21,87495549 1 2,187495549 272,643743 297,7061942 1065,512522 213,1025043 213,1025043 852,4100172 27174,5260975 1662,125296



2026 11069757 327067 641,8825756 447699000 231 1320,47412 0 20,57189539 1 2,057189539 264,094824 287,7239089 1032,750211 206,5500422 206,5500422 826,2001689 28159,5094581 1821,634754



2027 11379174 309417 661,1390529 439238000 231 1286,691886 0 19,46174379 1 1,946174379 257,338377 279,7462953 1006,94559 201,3891181 201,3891181 805,5564724 29146,6514896 1968,286243



2028 11675520 296346 680,9732245 430394000 231 1269,30703 0 18,63960263 1 1,863960263 253,861406 275,364969 993,9420614 198,7884123 198,7884123 795,1536491 30136,4994404 2104,785684



2029 11950347 274827 701,4024212 390908000 231 1212,451116 0 17,28609825 1 1,728609825 242,490223 262,5049313 949,946185 189,989237 189,989237 759,956948 31123,0150172 2227,800701



2030 12213791 263444 722,4444939 5195000 231 1197,099852 0 16,57012909 1 1,657012909 239,41997 258,6471124 938,4527397 187,6905479 187,6905479 750,7621917 32114,5937317 2342,394433



2031 12465869 252078 744,1178287 1179,815872 0 15,85522919 1 1,585522919 235,963174 254,4039265 925,4119456 185,0823891 185,0823891 740,3295565 33106,5547671 2448,9492



2032 12708213 242344 766,4413635 1168,284962 0 15,24297901 1 1,524297901 233,656992 251,4242693 916,8606927 183,3721385 183,3721385 733,4885541 3499,54752439 2548,496724



2033 12938343 230130 789,4346045 1142,686185 0 14,47474153 1 1,447474153 228,537237 245,4594527 897,2267324 179,4453465 179,4453465 717,7813859 3591,85835035 2640,355074



2034 13163144 224801 813,1176426 1149,712367 0 14,13955751 1 1,413955751 229,942473 246,4959867 903,2163803 180,6432761 180,6432761 722,5731043 3687,19620213 2727,551277



2035 13379649 216505 837,5111719 1140,502179 0 13,61775481 1 1,361775481 228,100436 244,079966 896,4222127 179,2844425 179,2844425 717,1377702 3781,60329609 2809,154573



2036 13588541 208892 862,636507 1133,410473 0 13,13891151 1 1,313891151 200 226,682095 242,1348974 891,2755761 178,2551152 178,2551152 513,0204609 38 55,0464249 2864,200998



2037 13590219 1678 888,5156022 9,377662418 0 0,105543025 1 0,010554302 1,87553248 2,991629811 6,386032607 1,277206521 1,277206521 5,108826086 390,516898031



SUM 2864,200998



Tax Net tax cash flow i NPV cum NPV



INCOME



EXPENDITURE



Cap Allowance royalty Fiscal allowanceTaxable income



OPEX CAPEX



DATE FOPT vol oil per year oil prize Vol gas per year Gas prize
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oil income Gas income Field / offshoreCO2 - duty Gas oil transportation Subsea/platform Production unit Drilling abandon



 (SM3) Sm3 (UsD/BBL) Sm3 (cents per gallon)(MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK)



1999 182525,08 182525,08 21,39 45087848 110,8333333 147,3405078 0 11,48048214 1 1,148048214 3500 1650 1030 29,4681016 1073,096632 -925,7561241 -185,1512248 -185,1512248 -4860,6049 1 -4583,31438 -4583,31438



2000 330533,16 148008,08 34,29 62183542 138,4 191,5321749 0 9,309428157 1 0,930942816 1030 38,306435 1079,546806 -888,0146311 -177,6029262 -177,6029262 319,5882952 2284,1643022 -4299,15008



2001 538899,12 208365,96 28,03 103837010 139,3333333 220,413758 0 13,10582459 1 1,310582459 1030 44,0827516 1089,499159 -869,0854006 -173,8170801 -173,8170801 334,7316795 3280,6498394 -4018,50024



2002 773933,00 235033,88 27,33 174349490 136,5 242,4146889 0 14,7831863 1 1,47831863 1030 48,4829378 1095,744443 -853,3297538 -170,6659508 -170,6659508 347,336197 4274,6043126 -3743,89593



2003 1050589,6 276656,6 32,47 231690460 156 339,009723 0 17,40117662 1 1,740117662 1030 67,8019446 1117,943239 -778,9335159 -155,7867032 -155,7867032 406,8531873 5303,3083443 -3440,58758



2004 1529299,5 478709,9 42,97 246407810 180,3333333 776,2946497 0 30,10994685 1 3,010994685 155,25893 189,3798715 586,9147782 117,3829556 117,3829556 469,5318226 6330,0661556 -3110,52143



2005 2016984,5 487685 55,21 213079440 231 1016,122283 0 30,67446366 1 3,067446366 203,224457 237,9663666 778,1559164 155,6311833 155,6311833 622,5247331 7412,6500488 -2697,87138



2006 2392377 375392,5 62,36 247841245 270 883,447057 0 23,6114779 1 2,36114779 176,689411 203,6620371 679,7850199 135,957004 135,957004 543,8280159 8339,9195899 -2357,95179



2007 2732394,5 340017,5 66,66 132349455 300 855,3727476 0 21,38645734 1 2,138645734 171,07455 195,5996526 659,773095 131,954619 131,954619 527,818476 9311,0917778 -2046,86001



2008 2926702,5 194308 91,35 210171400 300 669,8661981 0 12,22160551 1 1,222160551 133,97324 148,4170057 521,4491924 104,2898385 104,2898385 417,1593539 10231,8436779 -1815,01633



2009 2926702,5 0 60 0 300 0 0 0 1 0 0 1 -1 -0,2 0 -1 11 -0,52406191 -1815,54039



2010 3091608,2 164905,7 400 -51295890 300 414,8902592 0 10,37225648 1 1,037225648 82,9780518 95,38753396 319,5027252 63,90054504 63,90054504 255,6021802 12126,3096348 -1689,23076



2011 3659698 568089,8 420 74040400 300 1500,734484 0 35,73177343 1 3,573177343 300,146897 340,4518475 1160,282636 232,0565273 232,0565273 928,2261091 13432,5288026 -1256,70196



2012 4229853 570155 441 -235126510 300 1581,499673 0 35,8616706 1 3,58616706 316,299935 356,7477723 1224,751901 244,9503802 244,9503802 979,8015208 14430,5153981 -826,186557



2013 4749729 519876 463,05 -219673000 300 1514,137227 0 32,69921664 1 3,269921664 302,827445 339,7965836 1174,340643 234,8681286 234,8681286 939,4725144 15389,2458455 -436,940712



2014 5199452 449723 486,2025 -197355000 300 1375,307675 0 28,28672569 1 2,828672569 275,061535 307,1769332 1068,130742 213,6261483 213,6261483 854,5045933 16333,8440466 -103,096665



2015 5697914,5 498462,5 510,512625 24858700 300 1600,576948 0 31,35234801 1 3,135234801 4000 750 950 320,11539 1305,602972 294,9739759 58,99479517 58,99479517 -3564,02082 17 -1312,98207 -1416,07873



2016 6480866 782951,5 536,0382563 719654400 300 2639,78299 0 49,24616777 1 4,924616777 950 527,956598 1533,127383 1106,655608 221,3311215 221,3311215 1835,324486 18637,5595383 -778,519192



2017 7163098 682232 562,8401691 666976200 300 2415,20918 0 42,91110182 1 4,291110182 950 483,041836 1481,244048 933,965132 186,7930264 186,7930264 1697,172106 19555,9338277 -222,585364



2018 7682229,5 519131,5 590,9821775 528222200 300 1929,697995 0 32,652389 1 3,2652389 950 385,939599 1372,857227 556,8407683 111,3681537 111,3681537 1395,472615 20431,0303599 208,4449956



2019 8192207,5 509978 620,5312864 517110300 300 1990,456561 0 32,07665117 1 3,207665117 950 398,091312 1384,375629 606,0809328 121,2161866 121,2161866 1434,864746 21417,9139185 626,3589141



2020 8696013 503805,5 651,5578507 508983800 300 2064,683401 0 31,6884126 1 3,16884126 412,93668 448,793934 1615,889467 323,1778933 323,1778933 1292,711573 22355,0314566 981,3903707



2021 9176470 480457 684,1357432 491506700 231 2067,447005 0 30,21983613 1 3,021983613 413,489401 447,7312208 1619,715785 323,9431569 323,9431569 1295,772628 23 335,570153 1316,960524



2022 9614766 438296 718,3425304 486772700 231 1980,325899 0 27,56798901 1 2,756798901 396,06518 427,3899677 1552,935931 310,5871862 310,5871862 1242,348745 24303,3803004 1620,340824



2023 10016939 402173 754,2596569 477554700 231 1907,969245 0 25,29592067 1 2,529592067 381,593849 410,4193617 1497,549883 299,5099766 299,5099766 1198,039906 25275,8699926 1896,210817



2024 10394906 377967 791,9726398 471223300 231 1882,788954 0 23,77340907 1 2,377340907 376,557791 403,7085408 1479,080413 295,8160827 295,8160827 1183,264331 26256,9237657 2153,134582



2025 10742690 347784 831,5712718 455548600 231 1819,058456 0 21,87495549 1 2,187495549 363,811691 388,8741422 1430,184313 286,0368627 286,0368627 1144,147451 27234,2576759 2387,392258



2026 11069757 327067 873,1498354 447699000 231 1796,234707 0 20,57189539 1 2,057189539 359,246941 382,8760264 1413,358681 282,6717362 282,6717362 1130,686945 28218,2948741 2605,687132



2027 11379174 309417 916,8073271 439238000 231 1784,266931 0 19,46174379 1 1,946174379 356,853386 379,2613043 1405,005626 281,0011253 281,0011253 1124,004501 29204,6249271 2810,312059



2028 11675520 296346 962,6476935 430394000 231 1794,337047 0 18,63960263 1 1,863960263 358,867409 380,3709724 1413,966075 282,793215 282,793215 1131,17286 30194,1819201 3004,49398



2029 11950347 274827 1010,780078 390908000 231 1747,244374 0 17,28609825 1 1,728609825 349,448875 369,4635828 1377,780791 275,5561582 275,5561582 1102,224633 31178,4182413 3182,912221



2030 12213791 263444 1061,319082 5195000 231 1758,619419 0 16,57012909 1 1,657012909 351,723884 370,9510258 1387,668393 277,5336787 277,5336787 1110,134715 32169,4471046 3352,359325



2031 12465869 252078 1114,385036 1766,883016 0 15,85522919 1 1,585522919 353,376603 371,8173553 1395,065661 279,0131321 279,0131321 1116,052528 33 160,632135 3512,99146



2032 12708213 242344 1170,104288 1783,587511 0 15,24297901 1 1,524297901 356,717502 374,484779 1409,102731 281,8205463 281,8205463 1127,282185 34 152,992368 3665,983828



2033 12938343 230130 1228,609502 1778,380498 0 14,47474153 1 1,447474153 355,6761 372,5983153 1405,782183 281,1564366 281,1564366 1124,625746 35143,9244147 3809,908243



2034 13163144 224801 1290,039977 1824,059445 0 14,13955751 1 1,413955751 364,811889 381,3654023 1442,694043 288,5388086 288,5388086 1154,155234 36139,2771922 3949,185435



2035 13379649 216505 1354,541976 1844,582051 0 13,61775481 1 1,361775481 368,91641 384,8959405 1459,686111 291,9372221 291,9372221 1167,748889 37132,8784541 4082,063889



2036 13588541 208892 1422,269075 1868,706753 0 13,13891151 1 1,313891151 200 373,741351 389,1941532 1479,5126 295,9025199 295,9025199 983,6100797 38105,5400759 4187,603965



2037 13590219 1678 1493,382529 15,76161092 0 0,105543025 1 0,010554302 3,15232218 4,268419511 11,49319141 2,298638281 2,298638281 9,194553126 390,930281502



SUM 4187,603965



DATE FOPT vol oil per year oil prize Vol gas per year Gas prize



INCOME



EXPENDITURE



Cap Allowance royalty Fiscal allowanceTaxable income



OPEX CAPEX



Tax Net tax cash flow i NPV cum NPV
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oil income Gas income Field / offshoreCO2 - duty Gas oil transportation Subsea/platform Production unit Drilling abandon



 (SM3) Sm3 (UsD/BBL) Sm3 (cents per gallon)(MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK)



1999 182525,08 182525,08 21,39 45087848 110,8333333 147,3405078 0 11,48048214 1 1,148048214 3500 1650 1030 29,4681016 1073,096632 -925,7561241 -185,1512248 -185,1512248 -4860,6049 1 -4583,31438 -4583,31438



2000 330533,16 148008,08 34,29 62183542 138,4 191,5321749 0 9,309428157 1 0,930942816 1030 38,306435 1079,546806 -888,0146311 -177,6029262 -177,6029262 319,5882952 2284,1643022 -4299,15008



2001 538899,12 208365,96 28,03 103837010 139,3333333 220,413758 0 13,10582459 1 1,310582459 1030 44,0827516 1089,499159 -869,0854006 -173,8170801 -173,8170801 334,7316795 3280,6498394 -4018,50024



2002 773933,00 235033,88 27,33 174349490 136,5 242,4146889 0 14,7831863 1 1,47831863 1030 48,4829378 1095,744443 -853,3297538 -170,6659508 -170,6659508 347,336197 4274,6043126 -3743,89593



2003 1050589,6 276656,6 32,47 231690460 156 339,009723 0 17,40117662 1 1,740117662 1030 67,8019446 1117,943239 -778,9335159 -155,7867032 -155,7867032 406,8531873 5303,3083443 -3440,58758



2004 1529299,5 478709,9 42,97 246407810 180,3333333 776,2946497 0 30,10994685 1 3,010994685 155,25893 189,3798715 586,9147782 117,3829556 117,3829556 469,5318226 6330,0661556 -3110,52143



2005 2016984,5 487685 55,21 213079440 231 1016,122283 0 30,67446366 1 3,067446366 203,224457 237,9663666 778,1559164 155,6311833 155,6311833 622,5247331 7412,6500488 -2697,87138



2006 2392377 375392,5 62,36 247841245 270 883,447057 0 23,6114779 1 2,36114779 176,689411 203,6620371 679,7850199 135,957004 135,957004 543,8280159 8339,9195899 -2357,95179



2007 2732394,5 340017,5 66,66 132349455 300 855,3727476 0 21,38645734 1 2,138645734 171,07455 195,5996526 659,773095 131,954619 131,954619 527,818476 9311,0917778 -2046,86001



2008 2926702,5 194308 91,35 210171400 300 669,8661981 0 12,22160551 1 1,222160551 133,97324 148,4170057 521,4491924 104,2898385 104,2898385 417,1593539 10231,8436779 -1815,01633



2009 2926702,5 0 60 0 300 0 0 0 1 0 0 1 -1 -0,2 0 -1 11 -0,52406191 -1815,54039



2010 3091608,2 164905,7 400 -51295890 300 414,8902592 0 10,37225648 1 1,037225648 82,9780518 95,38753396 319,5027252 63,90054504 63,90054504 255,6021802 12126,3096348 -1689,23076



2011 3659698 568089,8 392 74040400 300 1400,685518 0 35,73177343 1 3,573177343 280,137104 320,4420544 1080,243464 216,0486928 216,0486928 864,1947711 13402,6918936 -1286,53886



2012 4229853 570155 384,16 -235126510 300 1377,661938 0 35,8616706 1 3,58616706 275,532388 315,9802252 1061,681713 212,3363425 212,3363425 849,34537 14373,1942156 -913,344649



2013 4749729 519876 376,4768 -219673000 300 1231,049644 0 32,69921664 1 3,269921664 246,209929 283,1790672 947,8705772 189,5741154 189,5741154 758,2964617 15314,1802904 -599,164358



2014 5199452 449723 368,947264 -197355000 300 1043,631005 0 28,28672569 1 2,828672569 208,726201 240,8415993 802,7894058 160,5578812 160,5578812 642,2315247 16250,9116659 -348,252692



2015 5697914,5 498462,5 361,5683187 24858700 300 1133,601576 0 31,35234801 1 3,135234801 4000 750 950 226,720315 1212,207898 -78,60632214 -15,72126443 -15,72126443 -3862,88506 17 -1423,08338 -1771,33607



2016 6480866 782951,5 354,3369523 719654400 300 1744,9737 0 49,24616777 1 4,924616777 950 348,99474 1354,165525 390,8081758 78,16163515 78,16163515 1262,646541 18438,6212638 -1332,71481



2017 7163098 682232 347,2502133 666976200 300 1490,088926 0 42,91110182 1 4,291110182 950 298,017785 1296,219997 193,8689287 38,77378573 38,77378573 1105,095143 19361,9902606 -970,72455



2018 7682229,5 519131,5 340,305209 528222200 300 1111,177806 0 32,652389 1 3,2652389 950 222,235561 1209,153189 -97,97538278 -19,59507656 -19,59507656 871,6196938 20 269,223879 -701,500671



2019 8192207,5 509978 333,4991049 517110300 300 1069,753445 0 32,07665117 1 3,207665117 950 213,950689 1200,235005 -130,4815601 -26,09631202 -26,09631202 845,6147519 21246,2909312 -455,20974



2020 8696013 503805,5 326,8291228 508983800 300 1035,669609 0 31,6884126 1 3,16884126 207,133922 242,9911757 792,6784335 158,5356867 158,5356867 634,1427468 22174,1615281 -281,048211



2021 9176470 480457 320,2925403 491506700 231 967,9188083 0 30,21983613 1 3,021983613 193,583762 227,8255814 740,0932269 148,0186454 148,0186454 592,0745815 23153,3313435 -127,716868



2022 9614766 438296 313,8866895 486772700 231 865,3224808 0 27,56798901 1 2,756798901 173,064496 204,3892841 660,9331967 132,1866393 132,1866393 528,7465574 24129,1193718 1,402503797



2023 10016939 402173 307,6089557 477554700 231 778,1251741 0 25,29592067 1 2,529592067 155,625035 184,4505476 593,6746265 118,7349253 118,7349253 474,9397012 25109,3633118 110,7658156



2024 10394906 377967 301,4567766 471223300 231 716,6655268 0 23,77340907 1 2,377340907 143,333105 170,4838553 546,1816715 109,2363343 109,2363343 436,9453372 26 94,8745251 205,6403407



2025 10742690 347784 295,4276411 455548600 231 646,2466499 0 21,87495549 1 2,187495549 129,24933 154,311781 491,9348689 98,38697377 98,38697377 393,5478951 27 80,5766907 286,2170314



2026 11069757 327067 289,5190882 447699000 231 595,5956397 0 20,57189539 1 2,057189539 119,119128 142,7482129 452,8474269 90,56948537 90,56948537 362,2779415 2869,94280599 356,1598374



2027 11379174 309417 283,7287065 439238000 231 552,1855392 0 19,46174379 1 1,946174379 110,437108 132,845026 419,3405132 83,86810263 83,86810263 335,4724105 2961,07272478 417,2325622



2028 11675520 296346 278,0541323 430394000 231 518,2818535 0 18,63960263 1 1,863960263 103,656371 125,1599336 393,1219199 78,62438399 78,62438399 314,4975359 3053,98797792 471,2205401



2029 11950347 274827 272,4930497 390908000 231 471,0341628 0 17,28609825 1 1,728609825 94,2068326 114,2215406 356,8126222 71,36252444 71,36252444 285,4500978 3146,20610255 517,4266426



2030 12213791 263444 267,0431887 5195000 231 442,4940108 0 16,57012909 1 1,657012909 88,4988022 107,7259442 334,7680667 66,95361333 66,95361333 267,8144533 3240,87826737 558,30491



2031 12465869 252078 261,7023249 414,9350342 0 15,85522919 1 1,585522919 82,9870068 101,427759 313,5072753 62,70145505 62,70145505 250,8058202 3336,09818833 594,4030983



2032 12708213 242344 256,4682784 390,9340586 0 15,24297901 1 1,524297901 78,1868117 95,95408863 294,9799699 58,99599399 58,99599399 235,983976 3432,02724906 626,4303474



2033 12938343 230130 251,3389129 363,8065799 0 14,47474153 1 1,447474153 72,761316 89,68353166 274,1230482 54,82460965 54,82460965 219,2984386 3528,06480246 654,4951499



2034 13163144 224801 246,3121346 348,2744593 0 14,13955751 1 1,413955751 69,6548919 86,20840511 262,0660542 52,41321083 52,41321083 209,6528433 3625,29976773 679,7949176



2035 13379649 216505 241,3858919 328,713389 0 13,61775481 1 1,361775481 65,7426778 81,7222081 246,9911809 49,39823619 49,39823619 197,5929447 3722,48415332 702,2790709



2036 13588541 208892 236,5581741 310,8116917 0 13,13891151 1 1,313891151 200 62,1623383 77,61514101 233,1965507 46,63931014 46,63931014 -13,4427594 38 -1,44239052 700,8366804



2037 13590219 1678 231,8270106 2,446772391 0 0,105543025 1 0,010554302 0,48935448 1,605451805 0,841320586 0,168264117 0,168264117 0,673056469 390,068098142



SUM 700,8366804



DATE FOPT vol oil per year oil prize Vol gas per year Gas prize



INCOME



EXPENDITURE



Cap Allowance royalty Fiscal allowanceTaxable income



OPEX CAPEX



Tax Net tax cash flow i NPV cum NPV
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oil income Gas income Field / offshoreCO2 - duty Gas oil transportation Subsea/platform Production unit Drilling abandon



 (SM3) Sm3 (UsD/BBL) Sm3 (cents per gallon)(MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK)



1999 237282,60 237282,604 21,39 45087848 110,8333333 191,5426601 0 14,92462678 1 1,492462678 3500 1650 1030 38,308532 1085,725621 -894,1829614 -178,8365923 -178,8365923 -4835,34637 1 -4559,49681 -4559,49681



2000 429693,11 192410,504 34,29 62183542 138,4 248,9918274 0 12,1022566 1 1,21022566 1030 49,7983655 1094,110848 -845,1190204 -169,0238041 -169,0238041 353,9047837 2314,6770624 -4244,81975



2001 700568,86 270875,748 28,03 103837010 139,3333333 286,5378854 0 17,03757197 1 1,703757197 1030 57,3075771 1107,048906 -820,5110208 -164,1022042 -164,1022042 373,5911833 3313,2309011 -3931,58885



2002 1006112,90 305544,044 27,33 174349490 136,5 315,1390956 0 19,21814219 1 1,921814219 1030 63,0278191 1115,167776 -800,0286799 -160,005736 -160,005736 389,9770561 4308,3162145 -3623,27263



2003 1365766,48 359653,58 32,47 231690460 156 440,7126399 0 22,62152961 1 2,262152961 1030 88,142528 1144,026211 -703,3135707 -140,6627141 -140,6627141 467,3491435 5348,4079745 -3274,86466



2004 1988089,35 622322,87 42,97 246407810 180,3333333 1009,183045 0 39,1429309 1 3,91429309 201,836609 245,8938329 763,2892117 152,6578423 152,6578423 610,6313693 6429,2547148 -2845,60994



2005 2622079,85 633990,5 55,21 213079440 231 1320,958968 0 39,87680275 1 3,987680275 264,191794 309,0562766 1011,902691 202,3805383 202,3805383 809,5221531 7536,6041511 -2309,00579



2006 3110090,10 488010,25 62,36 247841245 270 1148,481174 0 30,69492127 1 3,069492127 229,696235 264,4606482 884,0205259 176,8041052 176,8041052 707,2164207 8442,0454789 -1866,96031



2007 3552112,85 442022,75 66,66 132349455 300 1111,984572 0 27,80239454 1 2,780239454 222,396914 253,9795484 858,0050235 171,6010047 171,6010047 686,4040188 9404,5607651 -1462,39955



2008 3804713,25 252600,4 91,35 210171400 300 870,8260575 0 15,88808717 1 1,588808717 174,165212 192,6421074 678,1839501 135,63679 135,63679 542,5471601 10301,5301655 -1160,86938



2009 3804713,25 0 60 0 300 0 0 0 1 0 0 1 -1 -0,2 0 -1 11 -0,52406191 -1161,39345



2010 4019090,66 214377,41 400 -51295890 300 539,3573369 0 13,48393342 1 1,348393342 107,871467 123,7037942 415,6535428 83,13070856 83,13070856 332,5228342 12164,3211249 -997,072321



2011 4757607,40 738516,74 412 74040400 300 1913,793785 0 46,45130545 1 4,645130545 382,758757 434,8551929 1478,938592 295,7877184 295,7877184 1183,150873 13551,3169966 -445,755325



2012 5498808,90 741201,5 424,36 -235126510 300 1978,37361 0 46,62017178 1 4,662017178 395,674722 447,9569109 1530,416699 306,0833397 306,0833397 1224,333359 14537,9603442 92,20501968



2013 6174647,70 675838,8 437,0908 -219673000 300 1858,028479 0 42,50898163 1 4,250898163 371,605696 419,3655756 1438,662903 287,7325807 287,7325807 1150,930323 15476,8578534 569,0628731



2014 6759287,60 584639,9 450,203524 -197355000 300 1655,521867 0 36,7727434 1 3,67727434 331,104373 372,554391 1282,967475 256,5934951 256,5934951 1026,37398 16400,9912242 970,0540973



2015 7407288,85 648001,25 463,7096297 24858700 300 1889,990139 0 40,75805242 1 4,075805242 4000 750 950 377,998028 1373,831886 516,1582538 103,2316508 103,2316508 -3387,0734 17 -1247,79479 -277,740697



2016 8425125,80 1017836,95 477,6209186 719654400 300 3057,729986 0 64,02001811 1 6,402001811 950 611,545997 1632,968017 1424,761969 284,9523937 284,9523937 2089,809575 18 725,963195 448,2224984



2017 9312027,40 886901,6 491,9495462 666976200 300 2744,312618 0 55,78443236 1 5,578443236 950 548,862524 1561,225399 1183,087219 236,6174438 236,6174438 1896,469775 19621,2167274 1069,439226



2018 9986898,35 674870,95 506,7080326 528222200 300 2150,879612 0 42,4481057 1 4,24481057 950 430,175922 1427,868839 723,0107737 144,6021547 144,6021547 1528,408619 20472,0913261 1541,530552



2019########## 662971,4 521,9092735 517110300 300 2176,343222 0 41,69964652 1 4,169964652 950 435,268644 1432,138256 744,2049667 148,8409933 148,8409933 1545,363973 21450,0975547 1991,628107



2020########## 654947,15 537,5665517 508983800 300 2214,50199 0 41,19493638 1 4,119493638 442,900398 489,214828 1725,287162 345,0574324 345,0574324 1380,22973 22379,0675209 2370,695627



2021########## 624594,1 553,6935483 491506700 231 2175,228679 0 39,28578697 1 3,928578697 435,045736 479,2601014 1695,968577 339,1937155 339,1937155 1356,774862 23351,3680859 2722,063713



2022########## 569784,8 570,3043547 486772700 231 2043,878744 0 35,83838572 1 3,583838572 408,775749 449,1979731 1594,680771 318,9361542 318,9361542 1275,744617 24311,5355384 3033,599252



2023########## 522824,9 587,4134854 477554700 231 1931,69144 0 32,88469687 1 3,288469687 386,338288 423,5114546 1508,179986 301,6359972 301,6359972 1206,543989 25277,8282088 3311,427461



2024########## 491357,1 605,0358899 471223300 231 1869,889543 0 30,9054318 1 3,09054318 373,977909 408,9738836 1460,91566 292,1831319 292,1831319 1168,732528 26253,7684559 3565,195916



2025########## 452119,2 623,1869666 455548600 231 1772,18433 0 28,43744214 1 2,843744214 354,436866 386,7180524 1385,466278 277,0932556 277,0932556 1108,373022 27226,9330654 3792,128982



2026########## 425187,1 641,8825756 447699000 231 1716,616356 0 26,74346401 1 2,674346401 343,323271 373,7410816 1342,875274 268,5750549 268,5750549 1074,30022 28207,4086308 3999,537613



2027########## 402242,1 661,1390529 439238000 231 1672,699452 0 25,30026693 1 2,530026693 334,53989 363,3701839 1309,329268 261,8658535 261,8658535 1047,463414 29190,6906285 4190,228241



2028########## 385249,8 680,9732245 430394000 231 1650,099139 0 24,23148341 1 2,423148341 330,019828 357,6744596 1292,42468 258,484936 258,484936 1033,939744 30177,4904719 4367,718713



2029########## 357275,1 701,4024212 390908000 231 1576,186451 0 22,47192772 1 2,247192772 315,23729 340,9564107 1235,230041 247,0460081 247,0460081 988,1840324 31159,9583713 4527,677084



2030########## 342477,2 722,4444939 5195000 231 1556,229808 0 21,54116781 1 2,154116781 311,245962 335,9412461 1220,288562 244,0577123 244,0577123 976,2308493 32 149,008484 4676,685568



2031########## 327701,4 744,1178287 1533,760634 0 20,61179795 1 2,061179795 306,752127 330,4251045 1203,335529 240,6671058 240,6671058 962,6684234 33138,5557401 4815,241308



2032########## 315047,2 766,4413635 1518,770451 0 19,81587272 1 1,981587272 303,75409 326,5515501 1192,2189 238,4437801 238,4437801 953,7751204 34 129,444354 4944,685662



2033########## 299169 789,4346045 1485,492041 0 18,81716398 1 1,881716398 297,098408 318,7972885 1166,694752 233,3389504 233,3389504 933,3558017 35119,4465696 5064,132232



2034########## 292241,3 813,1176426 1494,626077 0 18,38142476 1 1,838142476 298,925215 320,1447827 1174,481294 234,8962589 234,8962589 939,5850355 36113,3840247 5177,516257



2035########## 281456,5 837,5111719 1482,652832 0 17,70308125 1 1,770308125 296,530566 317,0039559 1165,648877 233,1297753 233,1297753 932,5191012 37106,1115946 5283,627851



2036########## 271559,6 862,636507 1473,433616 0 17,08058497 1 1,708058497 200 294,686723 314,4753666 1158,958249 231,7916498 231,7916498 727,1665992 3878,02402563 5361,651877



2037########## 2181,4 888,5156022 12,19096114 0 0,137205932 1 0,013720593 2,43819223 3,589118754 8,601842389 1,720368478 1,720368478 6,881473911 390,696250029



SUM 5361,651877



DATE FOPT vol oil per year oil prize Vol gas per year Gas prize



INCOME



EXPENDITURE



Cap Allowance royalty Fiscal allowanceTaxable income



OPEX CAPEX



Tax Net tax cash flow i NPV cum NPV
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oil income Gas income Field / offshoreCO2 - duty Gas oil transportation Subsea/platform Production unit Drilling abandon



 (SM3) Sm3 (UsD/BBL) Sm3 (cents per gallon)(MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK)



1999 177049,33 177049,3276 21,39 45087848 110,8333333 142,9202926 0 11,13606768 1 1,113606768 3500 1650 1030 28,5840585 1071,833733 -928,9134404 -185,7826881 -185,7826881 -4863,13075 1 -4585,69614 -4585,69614



2000 320617,17 143567,8376 34,29 62183542 138,4 185,7862097 0 9,030145312 1 0,903014531 1030 37,1572419 1078,090402 -892,3041921 -178,4608384 -178,4608384 316,1566463 2281,1130262 -4304,58311



2001 522732,15 202114,9812 28,03 103837010 139,3333333 213,8013453 0 12,71264986 1 1,271264986 1030 42,7602691 1087,744184 -873,9428386 -174,7885677 -174,7885677 330,8457291 3277,3917332 -4027,19138



2002 750715,01 227982,8636 27,33 174349490 136,5 235,1422483 0 14,33969071 1 1,433969071 1030 47,0284497 1093,802109 -858,6598612 -171,7319722 -171,7319722 343,0721111 4271,2331224 -3755,95825



2003 1019071,91 268356,902 32,47 231690460 156 328,8394313 0 16,87914133 1 1,687914133 1030 65,7678863 1115,334942 -786,4955104 -157,2991021 -157,2991021 400,8035917 5298,7983813 -3457,15987



2004 1483420,52 464348,603 42,97 246407810 180,3333333 753,0058102 0 29,20664844 1 2,920664844 150,601162 183,7284753 569,2773349 113,855467 113,855467 455,4218679 6320,1472997 -3137,01257



2005 1956474,97 473054,45 55,21 213079440 231 985,6386146 0 29,75422975 1 2,975422975 197,127723 230,8573756 754,7812389 150,9562478 150,9562478 603,8249911 7400,2546386 -2736,75793



2006 2320605,69 364130,725 62,36 247841245 270 856,9436453 0 22,90313356 1 2,290313356 171,388729 197,582176 659,3614693 131,8722939 131,8722939 527,4891754 8 329,707001 -2407,05093



2007 2650422,67 329816,975 66,66 132349455 300 829,7115652 0 20,74486362 1 2,074486362 165,942313 189,761663 639,9499022 127,9899804 127,9899804 511,9599217 9 301,744879 -2105,30605



2008 2838901,43 188478,76 91,35 210171400 300 649,7702122 0 11,85495735 1 1,185495735 129,954042 143,9944955 505,7757166 101,1551433 101,1551433 404,6205733 10224,8750291 -1880,43103



2009 2838901,43 0 60 0 300 0 0 0 1 0 0 1 -1 -0,2 0 -1 11 -0,52406191 -1880,95509



2010 2998859,95 159958,529 400 -51295890 300 402,4435514 0 10,06108879 1 1,006108879 80,4887103 92,55590795 309,8876435 61,97752869 61,97752869 247,9101148 12122,5084858 -1758,4466



2011 3549907,06 551047,106 412 74040400 300 1427,984593 0 34,65982022 1 3,465982022 285,596919 324,7227209 1103,261872 220,6523745 220,6523745 882,6094979 13 411,272669 -1347,17393



2012 4102957,41 553050,35 424,36 -235126510 300 1476,171078 0 34,78582048 1 3,478582048 295,234216 334,4986181 1141,67246 228,334492 228,334492 913,3379678 14401,3119498 -945,861983



2013 4607237,13 504279,72 437,0908 -219673000 300 1386,375096 0 31,71824014 1 3,171824014 277,275019 313,1650833 1073,210012 214,6420025 214,6420025 858,56801 15355,7251818 -590,136801



2014 5043468,44 436231,31 450,203524 -197355000 300 1235,274008 0 27,43812392 1 2,743812392 247,054802 278,2367379 957,0372702 191,407454 191,407454 765,6298161 16299,1218046 -291,014996



2015 5526977,07 483508,625 463,7096297 24858700 300 1410,223412 0 30,41177757 1 3,041177757 4000 750 950 282,044682 1266,497638 143,725774 28,7451548 28,7451548 -3685,01938 17 -1357,55783 -1648,57282



2016 6286440,02 759462,955 477,6209186 719654400 300 2281,536989 0 47,76878274 1 4,776878274 950 456,307398 1459,853059 821,6839305 164,3367861 164,3367861 1607,347144 18558,3642081 -1090,20861



2017 6948205,06 661765,04 491,9495462 666976200 300 2047,679415 0 41,62376876 1 4,162376876 950 409,535883 1406,322029 641,3573865 128,2714773 128,2714773 1463,085909 19479,2554315 -610,953183



2018 7451762,62 503557,555 506,7080326 528222200 300 1604,887095 0 31,67281733 1 3,167281733 950 320,977419 1306,817518 298,0695773 59,61391546 59,61391546 1188,455662 20367,0874414 -243,865742



2019 7946441,28 494678,66 521,9092735 517110300 300 1623,886866 0 31,11435164 1 3,111435164 950 324,777373 1310,00316 313,8837059 62,77674118 62,77674118 1201,106965 21 349,830407 105,9646652



2020 8435132,61 488691,335 537,5665517 508983800 300 1652,359177 0 30,73776022 1 3,073776022 330,471835 365,2833717 1287,075805 257,4151611 257,4151611 1029,660644 22282,7869154 388,7515806



2021 8901175,90 466043,29 553,6935483 491506700 231 1623,055245 0 29,31324105 1 2,931324105 324,611049 357,8556141 1265,199631 253,0399261 253,0399261 1012,159705 23262,1220573 650,8736379



2022 9326323,02 425147,12 570,3043547 486772700 231 1525,047986 0 26,74094934 1 2,674094934 305,009597 335,4246415 1189,623345 237,9246689 237,9246689 951,6986757 24 232,403849 883,277487



2023 9716430,83 390107,81 587,4134854 477554700 231 1441,338998 0 24,53704305 1 2,453704305 288,2678 316,2585469 1125,080451 225,0160902 225,0160902 900,0643608 25207,2558245 1090,533311



2024 10083058,82 366627,99 605,0358899 471223300 231 1395,225274 0 23,0602068 1 2,30602068 279,045055 305,4112824 1089,813992 217,9627984 217,9627984 871,8511937 26 189,306215 1279,839526



2025 10420409,30 337350,48 623,1869666 455548600 231 1322,322154 0 21,21870683 1 2,121870683 264,464431 288,8050084 1033,517146 206,7034292 206,7034292 826,8137167 27169,2854007 1449,124927



2026 10737664,29 317254,99 641,8825756 447699000 231 1280,859896 0 19,95473853 1 1,995473853 256,171979 279,1221917 1001,737705 200,347541 200,347541 801,3901638 28154,7195408 1603,844468



2027 11037798,78 300134,49 661,1390529 439238000 231 1248,091129 0 18,87789148 1 1,887789148 249,618226 271,3839065 976,7072228 195,3414446 195,3414446 781,3657782 29142,2475757 1746,092044



2028 11325254,40 287455,62 680,9732245 430394000 231 1231,227819 0 18,08041455 1 1,808041455 246,245564 267,1340199 964,0937995 192,8187599 192,8187599 771,2750396 30132,4003372 1878,492381



2029 11591836,59 266582,19 701,4024212 390908000 231 1176,077583 0 16,7675153 1 1,67675153 235,215517 254,6597834 921,4177995 184,2835599 184,2835599 737,1342396 31119,3206817 1997,813063



2030 11847377,27 255540,68 722,4444939 5195000 231 1161,186857 0 16,07302521 1 1,607302521 232,237371 250,917699 910,2691575 182,0538315 182,0538315 728,215326 32111,1522565 2108,965319



2031 12091892,93 244515,66 744,1178287 1144,421396 0 15,37957232 1 1,537957232 228,884279 246,8018087 897,6195872 179,5239174 179,5239174 718,0956698 33103,3546698 2212,319989



2032 12326966,61 235073,68 766,4413635 1133,236413 0 14,78568964 1 1,478568964 226,647283 243,9115412 889,3248719 177,8649744 177,8649744 711,4598975 3496,55784143 2308,87783



2033 12550192,71 223226,1 789,4346045 1108,4056 0 14,04049928 1 1,404049928 221,68112 238,1256691 870,2799304 174,0559861 174,0559861 696,2239443 3589,09952843 2397,977359



2034 12768249,68 218056,97 813,1176426 1115,220996 0 13,71537078 1 1,371537078 223,044199 239,1311071 876,0898889 175,2179778 175,2179778 700,8719111 3684,57741988 2482,554779



2035 12978259,53 210009,85 837,5111719 1106,287113 0 13,20922216 1 1,320922216 221,257423 236,7875671 869,4995464 173,8999093 173,8999093 695,5996371 3779,15246624 2561,707245



2036 13180884,77 202625,24 862,636507 1099,408159 0 12,74474417 1 1,274474417 200 219,881632 234,9008504 864,5073088 172,9014618 172,9014618 491,6058471 3852,74866483 2614,45591



2037 13182512,43 1627,66 888,5156022 9,096332545 0 0,102376734 1 0,010237673 1,81926651 2,931880916 6,164451629 1,232890326 1,232890326 4,931561303 390,498962831



SUM 2614,45591



DATE FOPT vol oil per year oil prize Vol gas per year Gas prize



INCOME



EXPENDITURE



Cap Allowance royalty Fiscal allowanceTaxable income



OPEX CAPEX



Tax Net tax cash flow i NPV cum NPV






image86.emf


oil income Gas income Field / offshoreCO2 - duty Gas oil transportation Subsea/platform Production unit Drilling abandon



 (SM3) Sm3 (UsD/BBL) Sm3 (cents per gallon)(MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK)



1999 182525,08 182525,08 21,39 45087848 110,8333333 147,3405078 0 11,48048214 1 1,148048214 4900 2310 1442 29,4681016 1485,096632 -1337,756124 -267,5512248 -267,5512248 -6838,2049 1 -6448,09514 -6448,09514



2000 330533,16 148008,08 34,29 62183542 138,4 191,5321749 0 9,309428157 1 0,930942816 1442 38,306435 1491,546806 -1300,014631 -260,0029262 -260,0029262 401,9882952 2357,4308732 -6090,66427



2001 538899,12 208365,96 28,03 103837010 139,3333333 220,413758 0 13,10582459 1 1,310582459 1442 44,0827516 1501,499159 -1281,085401 -256,2170801 -256,2170801 417,1316795 3349,7366578 -5740,92761



2002 773933,00 235033,88 27,33 174349490 136,5 242,4146889 0 14,7831863 1 1,47831863 1442 48,4829378 1507,744443 -1265,329754 -253,0659508 -253,0659508 429,736197 4339,7498274 -5401,17778



2003 1050589,6 276656,6 32,47 231690460 156 339,009723 0 17,40117662 1 1,740117662 1442 67,8019446 1529,943239 -1190,933516 -238,1867032 -238,1867032 489,2531873 5364,7374012 -5036,44038



2004 1529299,5 478709,9 42,97 246407810 180,3333333 776,2946497 0 30,10994685 1 3,010994685 155,25893 189,3798715 586,9147782 117,3829556 117,3829556 469,5318226 6330,0661556 -4706,37423



2005 2016984,5 487685 55,21 213079440 231 1016,122283 0 30,67446366 1 3,067446366 203,224457 237,9663666 778,1559164 155,6311833 155,6311833 622,5247331 7412,6500488 -4293,72418



2006 2392377 375392,5 62,36 247841245 270 883,447057 0 23,6114779 1 2,36114779 176,689411 203,6620371 679,7850199 135,957004 135,957004 543,8280159 8339,9195899 -3953,80459



2007 2732394,5 340017,5 66,66 132349455 300 855,3727476 0 21,38645734 1 2,138645734 171,07455 195,5996526 659,773095 131,954619 131,954619 527,818476 9311,0917778 -3642,71281



2008 2926702,5 194308 91,35 210171400 300 669,8661981 0 12,22160551 1 1,222160551 133,97324 148,4170057 521,4491924 104,2898385 104,2898385 417,1593539 10231,8436779 -3410,86913



2009 2926702,5 0 60 0 300 0 0 0 1 0 0 1 -1 -0,2 0 -1 11 -0,52406191 -3411,3932



2010 3091608,2 164905,7 400 -51295890 300 414,8902592 0 10,37225648 1 1,037225648 82,9780518 95,38753396 319,5027252 63,90054504 63,90054504 255,6021802 12126,3096348 -3285,08356



2011 3659698 568089,8 412 74040400 300 1472,149065 0 35,73177343 1 3,573177343 294,429813 334,7347638 1137,414301 227,4828603 227,4828603 909,9314411 13424,0039715 -2861,07959



2012 4229853 570155 424,36 -235126510 300 1521,825854 0 35,8616706 1 3,58616706 304,365171 344,8130084 1177,012845 235,402569 235,402569 941,6102761 14413,7345311 -2447,34506



2013 4749729 519876 437,0908 -219673000 300 1429,252676 0 32,69921664 1 3,269921664 285,850535 322,8196735 1106,433003 221,2866005 221,2866005 885,1464021 15366,7372428 -2080,60782



2014 5199452 449723 450,203524 -197355000 300 1273,478359 0 28,28672569 1 2,828672569 254,695672 286,81107 986,6672888 197,3334578 197,3334578 789,3338311 16 308,382661 -1772,22515



2015 5697914,5 498462,5 463,7096297 24858700 300 1453,838569 0 31,35234801 1 3,135234801 5600 1050 1330 290,767714 1656,255297 -202,4167278 -40,48334557 -40,48334557 -5481,93338 17 -2019,53933 -3791,76448



2016 6480866 782951,5 477,6209186 719654400 300 2352,099989 0 49,24616777 1 4,924616777 1330 470,419998 1855,590782 496,5092067 99,30184134 99,30184134 1727,207365 18600,0015467 -3191,76294



2017 7163098 682232 491,9495462 666976200 300 2111,009706 0 42,91110182 1 4,291110182 1330 422,201941 1800,404153 310,6055531 62,12111062 62,12111062 1578,484442 19 517,055928 -2674,70701



2018 7682229,5 519131,5 506,7080326 528222200 300 1654,522779 0 32,652389 1 3,2652389 1330 330,904556 1697,822184 -43,29940484 -8,659880968 -8,659880968 1295,360476 20400,1079537 -2274,59905



2019 8192207,5 509978 521,9092735 517110300 300 1674,110171 0 32,07665117 1 3,207665117 1330 334,822034 1701,10635 -26,9961795 -5,399235899 -5,399235899 1308,403056 21381,0811087 -1893,51795



2020 8696013 503805,5 537,5665517 508983800 300 1703,463069 0 31,6884126 1 3,16884126 340,692614 376,5498677 1326,913201 265,3826403 265,3826403 1061,530561 22291,5396977 -1601,97825



2021 9176470 480457 553,6935483 491506700 231 1673,25283 0 30,21983613 1 3,021983613 334,650566 368,8923857 1304,360444 260,8720888 260,8720888 1043,488355 23270,2353326 -1331,74292



2022 9614766 438296 570,3043547 486772700 231 1572,214419 0 27,56798901 1 2,756798901 314,442884 345,7676716 1226,446747 245,2893494 245,2893494 981,1573976 24 239,597639 -1092,14528



2023 10016939 402173 587,4134854 477554700 231 1485,916493 0 25,29592067 1 2,529592067 297,183299 326,0088113 1159,907681 231,9815363 231,9815363 927,9261451 25213,6714958 -878,473781



2024 10394906 377967 605,0358899 471223300 231 1438,376572 0 23,77340907 1 2,377340907 287,675314 314,8260643 1123,550507 224,7101015 224,7101015 898,8404059 26195,1664187 -683,307362



2025 10742690 347784 623,1869666 455548600 231 1363,218716 0 21,87495549 1 2,187495549 272,643743 297,7061942 1065,512522 213,1025043 213,1025043 852,4100172 27174,5260975 -508,781265



2026 11069757 327067 641,8825756 447699000 231 1320,47412 0 20,57189539 1 2,057189539 264,094824 287,7239089 1032,750211 206,5500422 206,5500422 826,2001689 28159,5094581 -349,271807



2027 11379174 309417 661,1390529 439238000 231 1286,691886 0 19,46174379 1 1,946174379 257,338377 279,7462953 1006,94559 201,3891181 201,3891181 805,5564724 29146,6514896 -202,620317



2028 11675520 296346 680,9732245 430394000 231 1269,30703 0 18,63960263 1 1,863960263 253,861406 275,364969 993,9420614 198,7884123 198,7884123 795,1536491 30136,4994404 -66,1208766



2029 11950347 274827 701,4024212 390908000 231 1212,451116 0 17,28609825 1 1,728609825 242,490223 262,5049313 949,946185 189,989237 189,989237 759,956948 31123,0150172 56,89414058



2030 12213791 263444 722,4444939 5195000 231 1197,099852 0 16,57012909 1 1,657012909 239,41997 258,6471124 938,4527397 187,6905479 187,6905479 750,7621917 32114,5937317 171,4878723



2031 12465869 252078 744,1178287 1179,815872 0 15,85522919 1 1,585522919 235,963174 254,4039265 925,4119456 185,0823891 185,0823891 740,3295565 33106,5547671 278,0426393



2032 12708213 242344 766,4413635 1168,284962 0 15,24297901 1 1,524297901 233,656992 251,4242693 916,8606927 183,3721385 183,3721385 733,4885541 3499,54752439 377,5901637



2033 12938343 230130 789,4346045 1142,686185 0 14,47474153 1 1,447474153 228,537237 245,4594527 897,2267324 179,4453465 179,4453465 717,7813859 3591,85835035 469,4485141



2034 13163144 224801 813,1176426 1149,712367 0 14,13955751 1 1,413955751 229,942473 246,4959867 903,2163803 180,6432761 180,6432761 722,5731043 3687,19620213 556,6447162



2035 13379649 216505 837,5111719 1140,502179 0 13,61775481 1 1,361775481 228,100436 244,079966 896,4222127 179,2844425 179,2844425 717,1377702 3781,60329609 638,2480123



2036 13588541 208892 862,636507 1133,410473 0 13,13891151 1 1,313891151 280 226,682095 242,1348974 891,2755761 178,2551152 178,2551152 433,0204609 3846,46252947 684,7105418



2037 13590219 1678 888,5156022 9,377662418 0 0,105543025 1 0,010554302 1,87553248 2,991629811 6,386032607 1,277206521 1,277206521 5,108826086 390,516898031



SUM 684,7105418



DATE FOPT vol oil per year oil prize Vol gas per year Gas prize cum NPV



INCOME



EXPENDITURE



Cap Allowance royalty Fiscal allowanceTaxable income



OPEX CAPEX



Tax Net tax cash flow i NPV
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oil income Gas income Field / offshoreCO2 - duty Gas oil transportation Subsea/platform Production unit Drilling abandon



 (SM3) Sm3 (UsD/BBL) Sm3 (cents per gallon)(MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK)



1999 182525,08 182525,08 21,39 45087848 110,8333333 147,3405078 0 11,48048214 1 1,148048214 2100 990 618 29,4681016 661,0966319 -513,7561241 -102,7512248 -102,7512248 -2883,0049 1 -2718,53362 -2718,53362



2000 330533,16 148008,08 34,29 62183542 138,4 191,5321749 0 9,309428157 1 0,930942816 618 38,306435 667,546806 -476,0146311 -95,20292621 -95,20292621 237,1882952 2210,8977313 -2507,63588



2001 538899,12 208365,96 28,03 103837010 139,3333333 220,413758 0 13,10582459 1 1,310582459 618 44,0827516 677,4991587 -457,0854006 -91,41708013 -91,41708013 252,3316795 3211,5630209 -2296,07286



2002 773933,00 235033,88 27,33 174349490 136,5 242,4146889 0 14,7831863 1 1,47831863 618 48,4829378 683,7444427 -441,3297538 -88,26595076 -88,26595076 264,936197 4209,4587978 -2086,61407



2003 1050589,6 276656,6 32,47 231690460 156 339,009723 0 17,40117662 1 1,740117662 618 67,8019446 705,9432389 -366,9335159 -73,38670318 -73,38670318 324,4531873 5241,8792875 -1844,73478



2004 1529299,5 478709,9 42,97 246407810 180,3333333 776,2946497 0 30,10994685 1 3,010994685 155,25893 189,3798715 586,9147782 117,3829556 117,3829556 469,5318226 6330,0661556 -1514,66862



2005 2016984,5 487685 55,21 213079440 231 1016,122283 0 30,67446366 1 3,067446366 203,224457 237,9663666 778,1559164 155,6311833 155,6311833 622,5247331 7412,6500488 -1102,01857



2006 2392377 375392,5 62,36 247841245 270 883,447057 0 23,6114779 1 2,36114779 176,689411 203,6620371 679,7850199 135,957004 135,957004 543,8280159 8339,9195899 -762,098984



2007 2732394,5 340017,5 66,66 132349455 300 855,3727476 0 21,38645734 1 2,138645734 171,07455 195,5996526 659,773095 131,954619 131,954619 527,818476 9311,0917778 -451,007206



2008 2926702,5 194308 91,35 210171400 300 669,8661981 0 12,22160551 1 1,222160551 133,97324 148,4170057 521,4491924 104,2898385 104,2898385 417,1593539 10231,8436779 -219,163528



2009 2926702,5 0 60 0 300 0 0 0 1 0 0 1 -1 -0,2 0 -1 11 -0,52406191 -219,68759



2010 3091608,2 164905,7 400 -51295890 300 414,8902592 0 10,37225648 1 1,037225648 82,9780518 95,38753396 319,5027252 63,90054504 63,90054504 255,6021802 12126,3096348 -93,3779552



2011 3659698 568089,8 412 74040400 300 1472,149065 0 35,73177343 1 3,573177343 294,429813 334,7347638 1137,414301 227,4828603 227,4828603 909,9314411 13424,0039715 330,6260163



2012 4229853 570155 424,36 -235126510 300 1521,825854 0 35,8616706 1 3,58616706 304,365171 344,8130084 1177,012845 235,402569 235,402569 941,6102761 14413,7345311 744,3605475



2013 4749729 519876 437,0908 -219673000 300 1429,252676 0 32,69921664 1 3,269921664 285,850535 322,8196735 1106,433003 221,2866005 221,2866005 885,1464021 15366,7372428 1111,09779



2014 5199452 449723 450,203524 -197355000 300 1273,478359 0 28,28672569 1 2,828672569 254,695672 286,81107 986,6672888 197,3334578 197,3334578 789,3338311 16 308,382661 1419,480451



2015 5697914,5 498462,5 463,7096297 24858700 300 1453,838569 0 31,35234801 1 3,135234801 2400 450 570 290,767714 896,2552966 557,5832722 111,5166544 111,5166544 -1833,93338 17 -675,619409 743,8610423



2016 6480866 782951,5 477,6209186 719654400 300 2352,099989 0 49,24616777 1 4,924616777 570 470,419998 1095,590782 1256,509207 251,3018413 251,3018413 1575,207365 18547,1994125 1291,060455



2017 7163098 682232 491,9495462 666976200 300 2111,009706 0 42,91110182 1 4,291110182 570 422,201941 1040,404153 1070,605553 214,1211106 214,1211106 1426,484442 19467,2660796 1758,326534



2018 7682229,5 519131,5 506,7080326 528222200 300 1654,522779 0 32,652389 1 3,2652389 570 330,904556 937,8221837 716,7005952 143,340119 143,340119 1143,360476 20353,1585446 2111,485079



2019 8192207,5 509978 521,9092735 517110300 300 1674,110171 0 32,07665117 1 3,207665117 570 334,822034 941,1063505 733,0038205 146,6007641 146,6007641 1156,403056 21336,8100958 2448,295175



2020 8696013 503805,5 537,5665517 508983800 300 1703,463069 0 31,6884126 1 3,16884126 340,692614 376,5498677 1326,913201 265,3826403 265,3826403 1061,530561 22291,5396977 2739,834873



2021 9176470 480457 553,6935483 491506700 231 1673,25283 0 30,21983613 1 3,021983613 334,650566 368,8923857 1304,360444 260,8720888 260,8720888 1043,488355 23270,2353326 3010,070205



2022 9614766 438296 570,3043547 486772700 231 1572,214419 0 27,56798901 1 2,756798901 314,442884 345,7676716 1226,446747 245,2893494 245,2893494 981,1573976 24 239,597639 3249,667844



2023 10016939 402173 587,4134854 477554700 231 1485,916493 0 25,29592067 1 2,529592067 297,183299 326,0088113 1159,907681 231,9815363 231,9815363 927,9261451 25213,6714958 3463,33934



2024 10394906 377967 605,0358899 471223300 231 1438,376572 0 23,77340907 1 2,377340907 287,675314 314,8260643 1123,550507 224,7101015 224,7101015 898,8404059 26195,1664187 3658,505759



2025 10742690 347784 623,1869666 455548600 231 1363,218716 0 21,87495549 1 2,187495549 272,643743 297,7061942 1065,512522 213,1025043 213,1025043 852,4100172 27174,5260975 3833,031856



2026 11069757 327067 641,8825756 447699000 231 1320,47412 0 20,57189539 1 2,057189539 264,094824 287,7239089 1032,750211 206,5500422 206,5500422 826,2001689 28159,5094581 3992,541314



2027 11379174 309417 661,1390529 439238000 231 1286,691886 0 19,46174379 1 1,946174379 257,338377 279,7462953 1006,94559 201,3891181 201,3891181 805,5564724 29146,6514896 4139,192804



2028 11675520 296346 680,9732245 430394000 231 1269,30703 0 18,63960263 1 1,863960263 253,861406 275,364969 993,9420614 198,7884123 198,7884123 795,1536491 30136,4994404 4275,692244



2029 11950347 274827 701,4024212 390908000 231 1212,451116 0 17,28609825 1 1,728609825 242,490223 262,5049313 949,946185 189,989237 189,989237 759,956948 31123,0150172 4398,707261



2030 12213791 263444 722,4444939 5195000 231 1197,099852 0 16,57012909 1 1,657012909 239,41997 258,6471124 938,4527397 187,6905479 187,6905479 750,7621917 32114,5937317 4513,300993
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2032 12708213 242344 766,4413635 1168,284962 0 15,24297901 1 1,524297901 233,656992 251,4242693 916,8606927 183,3721385 183,3721385 733,4885541 3499,54752439 4719,403284



2033 12938343 230130 789,4346045 1142,686185 0 14,47474153 1 1,447474153 228,537237 245,4594527 897,2267324 179,4453465 179,4453465 717,7813859 3591,85835035 4811,261635
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2037 13590219 1678 888,5156022 9,377662418 0 0,105543025 1 0,010554302 1,87553248 2,991629811 6,386032607 1,277206521 1,277206521 5,108826086 390,516898031



SUM 5043,691453



DATE FOPT vol oil per year oil prize Vol gas per year Gas prize cum NPV
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Tax Net tax cash flow i NPV
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COST DATA AND ECONOMIC ASSUMPTIONS ASSUMPTIONS



Subsea Development



One four slot template with all pipelines 1 500 MNOK 



Two four slot template with all pipelines 2 500 MNOK 



Three four slot template with all pipelines 3 500 MNOK 



Drilling



Semi-submercible 400 MNOK/well 



Jack-up 300 MNOK/well 



Own drilling rig 150 MNOK/well 



Operation Cost



Operations sub-sea  100 NOK/bbl oe 



Plugging and abandonment 



Sub-sea  200 MNOK 



Economics assumptions 



Gas price 200 NOK/bbl oe increasing 3 % p.a 



Oil price  400 NOK/bbl increasing 3 % p.a. 



Inflation 1%



Discount factor 5%



Sensitivities 



Oil and gas prices (OGP) increasing 5% p. a./decreasing 2 % p. a. 



Production  +/- 30 % 



Investments +/- 40 % 
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Case Name 5.00% 0.00% -2.00%



RESTART 37.12% 0.00% -67.71%



SMARTWELL RONALDO  47.49% 0.00% -77.39%



ICD RONALDO 46.20% 0.00% -75.53%



Case Name 30.00% 0.00% -30.00%



RESTART 94.97% 0.00% -9.50%



SMARTWELL RONALDO  89.88% 0.00% -8.99%



ICD RONALDO 87.20% 0.00% -8.72%



Case Name 40.00% 0.00% -40.00%



RESTART -86.44% 0.00% 86.44%



SMARTWELL RONALDO  -79.67% 0.00% 79.67%



ICD RONALDO -76.09% 0.00% 76.09%



OIL AND GAS PRICE



HYDROCARBON PRODUCTION



INVESTMENT 
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oil income Gas income Field / offshoreCO2 - duty Gas oil transportation Subsea Production unit Drilling abandon



 (SM3) Sm3 (UsD/BBL) Sm3 (cents per gallon)(MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK)



1999 182525,08 182525,08 21,39 45087848 110,8333333 147,3405078 0 11,48048214 1 1,148048214 3500 1650 1030 29,4681016 1073,096632 -925,7561241 -185,1512248 -185,1512248 -4860,6049 1 -4583,31438 -4583,31438



2000 330533,16 148008,08 34,29 62183542 138,4 191,5321749 0 9,309428157 1 0,930942816 1030 38,306435 1079,546806 -888,0146311 -177,6029262 -177,6029262 319,5882952 2284,1643022 -4299,15008



2001 538899,12 208365,96 28,03 103837010 139,3333333 220,413758 0 13,10582459 1 1,310582459 1030 44,0827516 1089,499159 -869,0854006 -173,8170801 -173,8170801 334,7316795 3280,6498394 -4018,50024



2002 773933,00 235033,88 27,33 174349490 136,5 242,4146889 0 14,7831863 1 1,47831863 1030 48,4829378 1095,744443 -853,3297538 -170,6659508 -170,6659508 347,336197 4274,6043126 -3743,89593



2003 1050589,6 276656,6 32,47 231690460 156 339,009723 0 17,40117662 1 1,740117662 1030 67,8019446 1117,943239 -778,9335159 -155,7867032 -155,7867032 406,8531873 5303,3083443 -3440,58758



2004 1529299,5 478709,9 42,97 246407810 180,3333333 776,2946497 0 30,10994685 1 3,010994685 155,25893 189,3798715 586,9147782 117,3829556 117,3829556 469,5318226 6330,0661556 -3110,52143



2005 2016984,5 487685 55,21 213079440 231 1016,122283 0 30,67446366 1 3,067446366 203,224457 237,9663666 778,1559164 155,6311833 155,6311833 622,5247331 7412,6500488 -2697,87138



2006 2392377 375392,5 62,36 247841245 270 883,447057 0 23,6114779 1 2,36114779 176,689411 203,6620371 679,7850199 135,957004 135,957004 543,8280159 8339,9195899 -2357,95179



2007 2732394,5 340017,5 66,66 132349455 300 855,3727476 0 21,38645734 1 2,138645734 171,07455 195,5996526 659,773095 131,954619 131,954619 527,818476 9311,0917778 -2046,86001



2008 2926702,5 194308 91,35 210171400 300 669,8661981 0 12,22160551 1 1,222160551 133,97324 148,4170057 521,4491924 104,2898385 104,2898385 417,1593539 10231,8436779 -1815,01633



2009 2926702,5 0 60 0 300 0 0 0 1 0 0 1 -1 -0,2 0 -1 11 -0,52406191 -1815,54039



2010 3091608,2 164905,7 400 -51295890 300 414,8902592 0 10,37225648 1 1,037225648 82,9780518 95,38753396 319,5027252 63,90054504 63,90054504 255,6021802 12126,3096348 -1689,23076



2011 3659698 568089,8 412 74040400 300 1472,149065 0 35,73177343 1 3,573177343 294,429813 334,7347638 1137,414301 227,4828603 227,4828603 909,9314411 13424,0039715 -1265,22679



2012 4229853 570155 424,36 -235126510 300 1521,825854 0 35,8616706 1 3,58616706 304,365171 344,8130084 1177,012845 235,402569 235,402569 941,6102761 14413,7345311 -851,492255



2013 4749729 519876 437,0908 -219673000 300 1429,252676 0 32,69921664 1 3,269921664 285,850535 322,8196735 1106,433003 221,2866005 221,2866005 885,1464021 15366,7372428 -484,755012



2014 5199452 449723 450,203524 -197355000 300 1273,478359 0 28,28672569 1 2,828672569 254,695672 286,81107 986,6672888 197,3334578 197,3334578 789,3338311 16 308,382661 -176,372352



2015 5857101,5 657649,5 463,7096297 24858700 300 1918,130667 0 41,36490908 1 4,136490908 4000 900 980 383,626133 1410,127533 508,0031339 101,6006268 101,6006268 -3513,59749 17 -1294,40616 -1470,77851



2016 7238121,5 1381020 477,6209186 719654400 300 4148,784601 0 86,8635447 1 8,68635447 980 829,75692 1906,306819 2242,477782 448,4955564 448,4955564 2773,982226 18963,6327747 -507,145734



2017 8285802 1047680,5 491,9495462 666976200 300 3241,805873 0 65,89712093 1 6,589712093 980 648,361175 1701,848008 1539,957866 307,9915732 307,9915732 2211,966293 19724,5622785 217,4165447



2018 8993714 707912 506,7080326 528222200 300 2256,184665 0 44,52632522 1 4,452632522 980 451,236933 1481,215891 774,9687742 154,9937548 154,9937548 1599,975019 20494,1965906 711,6131353



2019 9561861 568147 521,9092735 517110300 300 1865,062162 0 35,7353712 1 3,57353712 980 373,012432 1393,321341 471,7408214 94,34816428 94,34816428 1357,392657 21395,3496563 1106,962792



2020 10036004 474143 537,5665517 508983800 300 1603,168465 0 29,82269748 1 2,982269748 320,633693 354,4386602 1248,729805 249,7459609 249,7459609 998,9838437 22274,3618116 1381,324603



2021 10433785 397781 553,6935483 491506700 231 1385,323107 0 25,01967218 1 2,501967218 277,064621 305,5862607 1079,736846 215,9473692 215,9473692 863,7894768 23 223,698171 1605,022774



2022 10772715 338930 570,3043547 486772700 231 1215,777997 0 21,31805564 1 2,131805564 243,155599 267,6054606 948,1725363 189,6345073 189,6345073 758,538029 24185,2342155 1790,25699



2023 11062583 289868 587,4134854 477554700 231 1070,981 0 18,23214868 1 1,823214868 214,1962 235,2515636 835,7294368 167,1458874 167,1458874 668,5835494 25153,9532513 1944,210241



2024 11291221 228638 605,0358899 471223300 231 870,0959147 0 14,38089755 1 1,438089755 174,019183 190,8381702 679,2577444 135,8515489 135,8515489 543,4061956 26117,9905136 2062,200755



2025 11477687 186466 623,1869666 455548600 231 730,8960189 0 11,72835855 1 1,172835855 146,179204 160,0803982 570,8156207 114,1631241 114,1631241 456,6524966 2793,49699855 2155,697753



2026 11622705 145018 641,8825756 447699000 231 585,4840627 0 9,121357783 1 0,912135778 117,096813 128,1303061 457,3537566 91,47075132 91,47075132 365,8830053 28 70,6388138 2226,336567



2027 11725622 102917 661,1390529 439238000 231 427,9741217 0 6,473284551 1 0,647328455 85,5948243 93,71543735 334,2586844 66,85173687 66,85173687 267,4069475 2948,68141282 2275,01798



2028 11821812 96190 680,9732245 430394000 231 412,0003079 0 6,05016898 1 0,605016898 82,4000616 90,05524746 321,9450605 64,38901209 64,38901209 257,5560484 3044,21316119 2319,231141



2029 11910741 88929 701,4024212 390908000 231 392,3270469 0 5,59346582 1 0,559346582 78,4654094 85,61822179 306,7088251 61,34176503 61,34176503 245,3670601 3139,71781979 2358,948961



2030 11994316 83575 722,4444939 5195000 231 379,7680727 0 5,256709351 1 0,525670935 75,9536145 82,73599482 297,0320779 59,40641557 59,40641557 237,6256623 3236,27035523 2395,219316



2031 12074125 79809 744,1178287 373,5348778 0 5,019835078 1 0,501983508 74,7069756 81,22879415 292,3060837 58,46121674 58,46121674 233,844867 3333,65701817 2428,876334



2032 12150283 76158 766,4413635 367,1402887 0 4,790194087 1 0,479019409 73,4280577 79,69727124 287,4430175 57,4886035 57,4886035 229,954414 3431,20892958 2460,085264



2033 12221917 71634 789,4346045 355,6910537 0 4,505643047 1 0,450564305 71,1382107 77,09441809 278,5966356 55,71932712 55,71932712 222,8773085 3528,52280972 2488,608074



2034 12290550 68633 813,1176426 351,0136026 0 4,316885826 1 0,431688583 70,2027205 75,95129493 275,0623077 55,01246154 55,01246154 220,0498461 3626,55442162 2515,162495



2035 12356858 66308 837,5111719 349,2964064 0 4,170647726 1 0,417064773 69,8592813 75,44699378 273,8494126 54,76988253 54,76988253 219,0795301 3724,92911754 2540,091613



2036 12421834 64976 862,636507 352,5481058 0 4,086867446 1 0,408686745 200 70,5096212 76,00517536 276,5429305 55,3085861 55,3085861 21,23434439 382,278417398 2542,37003



2037 12422357 523 888,5156022 2,922835187 0 0,03289571 1 0,003289571 0,58456704 1,620752319 1,302082869 0,260416574 0,260416574 1,041666295 390,105393147



SUM 2542,37003



DATE FOPT vol oil per year oil prize Vol gas per year Gas prize



INCOME



Cap Allowance royalty Fiscal allowanceTaxable income



OPEX



EXPENDITURE



CAPEX



Tax Net tax cash flow i NPV cum NPV
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oil income Gas income Field / offshoreCO2 - duty Gas oil transportation Subsea Production unit Drilling abandon



 (SM3) Sm3 (UsD/BBL) Sm3 (cents per gallon)(MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK)



1999 182525,08 182525,08 21,39 45087848 110,8333333 147,3405078 0 11,48048214 1 1,148048214 3500 1650 1030 29,4681016 1073,096632 -925,7561241 -185,1512248 -185,1512248 -4860,6049 1 -4583,31438 -4583,31438



2000 330533,16 148008,08 34,29 62183542 138,4 191,5321749 0 9,309428157 1 0,930942816 1030 38,306435 1079,546806 -888,0146311 -177,6029262 -177,6029262 319,5882952 2284,1643022 -4299,15008



2001 538899,12 208365,96 28,03 103837010 139,3333333 220,413758 0 13,10582459 1 1,310582459 1030 44,0827516 1089,499159 -869,0854006 -173,8170801 -173,8170801 334,7316795 3280,6498394 -4018,50024



2002 773933,00 235033,88 27,33 174349490 136,5 242,4146889 0 14,7831863 1 1,47831863 1030 48,4829378 1095,744443 -853,3297538 -170,6659508 -170,6659508 347,336197 4274,6043126 -3743,89593



2003 1050589,6 276656,6 32,47 231690460 156 339,009723 0 17,40117662 1 1,740117662 1030 67,8019446 1117,943239 -778,9335159 -155,7867032 -155,7867032 406,8531873 5303,3083443 -3440,58758



2004 1529299,5 478709,9 42,97 246407810 180,3333333 776,2946497 0 30,10994685 1 3,010994685 155,25893 189,3798715 586,9147782 117,3829556 117,3829556 469,5318226 6330,0661556 -3110,52143



2005 2016984,5 487685 55,21 213079440 231 1016,122283 0 30,67446366 1 3,067446366 203,224457 237,9663666 778,1559164 155,6311833 155,6311833 622,5247331 7412,6500488 -2697,87138



2006 2392377 375392,5 62,36 247841245 270 883,447057 0 23,6114779 1 2,36114779 176,689411 203,6620371 679,7850199 135,957004 135,957004 543,8280159 8339,9195899 -2357,95179



2007 2732394,5 340017,5 66,66 132349455 300 855,3727476 0 21,38645734 1 2,138645734 171,07455 195,5996526 659,773095 131,954619 131,954619 527,818476 9311,0917778 -2046,86001



2008 2926702,5 194308 91,35 210171400 300 669,8661981 0 12,22160551 1 1,222160551 133,97324 148,4170057 521,4491924 104,2898385 104,2898385 417,1593539 10231,8436779 -1815,01633



2009 2926702,5 0 60 0 300 0 0 0 1 0 0 1 -1 -0,2 0 -1 11 -0,52406191 -1815,54039



2010 3091608,2 164905,7 400 -51295890 300 414,8902592 0 10,37225648 1 1,037225648 82,9780518 95,38753396 319,5027252 63,90054504 63,90054504 255,6021802 12126,3096348 -1689,23076



2011 3659698 568089,8 420 74040400 300 1500,734484 0 35,73177343 1 3,573177343 300,146897 340,4518475 1160,282636 232,0565273 232,0565273 928,2261091 13432,5288026 -1256,70196



2012 4229853 570155 441 -235126510 300 1581,499673 0 35,8616706 1 3,58616706 316,299935 356,7477723 1224,751901 244,9503802 244,9503802 979,8015208 14430,5153981 -826,186557



2013 4749729 519876 463,05 -219673000 300 1514,137227 0 32,69921664 1 3,269921664 302,827445 339,7965836 1174,340643 234,8681286 234,8681286 939,4725144 15389,2458455 -436,940712



2014 5199452 449723 486,2025 -197355000 300 1375,307675 0 28,28672569 1 2,828672569 275,061535 307,1769332 1068,130742 213,6261483 213,6261483 854,5045933 16333,8440466 -103,096665



2015 5857101,5 657649,5 510,512625 24858700 300 2111,730832 0 41,36490908 1 4,136490908 4000 900 980 422,346166 1448,847566 662,8832655 132,5766531 132,5766531 -3389,69339 17 -1248,76 -1351,85666



2016 7238121,5 1381020 536,0382563 719654400 300 4656,218303 0 86,8635447 1 8,68635447 980 931,243661 2007,79356 2648,424744 529,6849487 529,6849487 3098,739795 181076,447859 -275,408803



2017 8285802 1047680,5 562,8401691 666976200 300 3708,954668 0 65,89712093 1 6,589712093 980 741,790934 1795,277767 1913,676902 382,7353803 382,7353803 2510,941521 19822,4960371 547,0872345



2018 8993714 707912 590,9821775 528222200 300 2631,426464 0 44,52632522 1 4,452632522 980 526,285293 1556,26425 1075,162213 215,0324426 215,0324426 1840,129771 20568,3750358 1115,46227



2019 9561861 568147 620,5312864 517110300 300 2217,491586 0 35,7353712 1 3,57353712 980 443,498317 1463,807225 753,6843604 150,7368721 150,7368721 1582,947488 21461,0440039 1576,506274



2020 10036004 474143 651,5578507 508983800 300 1943,121267 0 29,82269748 1 2,982269748 388,624253 422,4292207 1520,692047 304,1384093 304,1384093 1216,553637 22334,1153733 1910,621647



2021 10433785 397781 684,1357432 491506700 231 1711,685202 0 25,01967218 1 2,501967218 342,33704 370,8586799 1340,826522 268,1653045 268,1653045 1072,661218 23 277,790317 2188,411964



2022 10772715 338930 718,3425304 486772700 231 1531,366603 0 21,31805564 1 2,131805564 306,273321 330,7231819 1200,643422 240,1286843 240,1286843 960,5147373 24234,5567223 2422,968687



2023 11062583 289868 754,2596569 477554700 231 1375,177421 0 18,23214868 1 1,823214868 275,035484 296,0908478 1079,086573 215,8173147 215,8173147 863,2692587 25198,7830979 2621,751785



2024 11291221 228638 791,9726398 471223300 231 1138,927739 0 14,38089755 1 1,438089755 227,785548 244,6045352 894,3232043 178,8646409 178,8646409 715,4585634 26155,3484742 2777,100259



2025 11477687 186466 831,5712718 455548600 231 975,2966036 0 11,72835855 1 1,172835855 195,059321 208,9605151 766,3360885 153,2672177 153,2672177 613,0688708 27125,5223605 2902,622619



2026 11622705 145018 873,1498354 447699000 231 796,4312046 0 9,121357783 1 0,912135778 159,286241 170,3197345 626,1114702 125,222294 125,222294 500,8891761 2896,70363678 2999,326256



2027 11725622 102917 916,8073271 439238000 231 593,4754707 0 6,473284551 1 0,647328455 118,695094 126,8157071 466,6597635 93,3319527 93,3319527 373,3278108 2967,96429729 3067,290553



2028 11821812 96190 962,6476935 430394000 231 582,4181214 0 6,05016898 1 0,605016898 116,483624 124,1388102 458,2793112 91,65586225 91,65586225 366,623449 3062,93613274 3130,226686



2029 11910741 88929 1010,780078 390908000 231 565,3763819 0 5,59346582 1 0,559346582 113,075276 120,2280888 445,1482931 89,02965862 89,02965862 356,1186345 3157,64529168 3187,871978



2030 11994316 83575 1061,319082 5195000 231 557,9045943 0 5,256709351 1 0,525670935 111,580919 118,3632992 439,5412952 87,90825904 87,90825904 351,6330362 3253,67204454 3241,544022



2031 12074125 79809 1114,385036 559,4029095 0 5,019835078 1 0,501983508 111,880582 118,4024005 441,000509 88,2001018 88,2001018 352,8004072 3350,77814993 3292,322172



2032 12150283 76158 1170,104288 560,5026641 0 4,790194087 1 0,479019409 112,100533 118,3697463 442,1329178 88,42658355 88,42658355 353,7063342 3448,00428001 3340,326452



2033 12221917 71634 1228,609502 553,5675862 0 4,505643047 1 0,450564305 110,713517 116,6697246 436,8978616 87,37957232 87,37957232 349,5182893 3544,72973819 3385,056191



2034 12290550 68633 1290,039977 556,8955294 0 4,316885826 1 0,431688583 111,379106 117,1276803 439,7678491 87,95356982 87,95356982 351,8142793 3642,45503857 3427,511229



2035 12356858 66308 1354,541976 564,9317413 0 4,170647726 1 0,417064773 112,986348 118,5740608 446,3576805 89,27153611 89,27153611 357,0861444 3740,63292659 3468,144156



2036 12421834 64976 1422,269075 581,2625183 0 4,086867446 1 0,408686745 200 116,252504 121,7480579 459,5144605 91,90289209 91,90289209 167,6115684 3817,98450221 3486,128658



2037 12422357 523 1493,382529 4,912587908 0 0,03289571 1 0,003289571 0,98251758 2,018702863 2,893885045 0,578777009 0,578777009 2,315108036 390,234236743



SUM 3486,128658



DATE FOPT vol oil per year oil prize Vol gas per year Gas prize



INCOME



EXPENDITURE



Cap Allowance royalty Fiscal allowanceTaxable income



OPEX CAPEX



Tax Net tax cash flow i NPV cum NPV
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oil income Gas income Field / offshoreCO2 - duty Gas oil transportation Subsea Production unit Drilling abandon



 (SM3) Sm3 (UsD/BBL) Sm3 (cents per gallon)(MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK)



1999 182525,08 182525,08 21,39 45087848 110,8333333 147,3405078 0 11,48048214 1 1,148048214 3500 1650 1030 29,4681016 1073,096632 -925,7561241 -185,1512248 -185,1512248 -4860,6049 1 -4583,31438 -4583,31438



2000 330533,16 148008,08 34,29 62183542 138,4 191,5321749 0 9,309428157 1 0,930942816 1030 38,306435 1079,546806 -888,0146311 -177,6029262 -177,6029262 319,5882952 2284,1643022 -4299,15008



2001 538899,12 208365,96 28,03 103837010 139,3333333 220,413758 0 13,10582459 1 1,310582459 1030 44,0827516 1089,499159 -869,0854006 -173,8170801 -173,8170801 334,7316795 3280,6498394 -4018,50024



2002 773933,00 235033,88 27,33 174349490 136,5 242,4146889 0 14,7831863 1 1,47831863 1030 48,4829378 1095,744443 -853,3297538 -170,6659508 -170,6659508 347,336197 4274,6043126 -3743,89593



2003 1050589,6 276656,6 32,47 231690460 156 339,009723 0 17,40117662 1 1,740117662 1030 67,8019446 1117,943239 -778,9335159 -155,7867032 -155,7867032 406,8531873 5303,3083443 -3440,58758



2004 1529299,5 478709,9 42,97 246407810 180,3333333 776,2946497 0 30,10994685 1 3,010994685 155,25893 189,3798715 586,9147782 117,3829556 117,3829556 469,5318226 6330,0661556 -3110,52143



2005 2016984,5 487685 55,21 213079440 231 1016,122283 0 30,67446366 1 3,067446366 203,224457 237,9663666 778,1559164 155,6311833 155,6311833 622,5247331 7412,6500488 -2697,87138



2006 2392377 375392,5 62,36 247841245 270 883,447057 0 23,6114779 1 2,36114779 176,689411 203,6620371 679,7850199 135,957004 135,957004 543,8280159 8339,9195899 -2357,95179



2007 2732394,5 340017,5 66,66 132349455 300 855,3727476 0 21,38645734 1 2,138645734 171,07455 195,5996526 659,773095 131,954619 131,954619 527,818476 9311,0917778 -2046,86001



2008 2926702,5 194308 91,35 210171400 300 669,8661981 0 12,22160551 1 1,222160551 133,97324 148,4170057 521,4491924 104,2898385 104,2898385 417,1593539 10231,8436779 -1815,01633



2009 2926702,5 0 60 0 300 0 0 0 1 0 0 1 -1 -0,2 0 -1 11 -0,52406191 -1815,54039



2010 3091608,2 164905,7 400 -51295890 300 414,8902592 0 10,37225648 1 1,037225648 82,9780518 95,38753396 319,5027252 63,90054504 63,90054504 255,6021802 12126,3096348 -1689,23076



2011 3659698 568089,8 392 74040400 300 1400,685518 0 35,73177343 1 3,573177343 280,137104 320,4420544 1080,243464 216,0486928 216,0486928 864,1947711 13402,6918936 -1286,53886



2012 4229853 570155 384,16 -235126510 300 1377,661938 0 35,8616706 1 3,58616706 275,532388 315,9802252 1061,681713 212,3363425 212,3363425 849,34537 14373,1942156 -913,344649



2013 4749729 519876 376,4768 -219673000 300 1231,049644 0 32,69921664 1 3,269921664 246,209929 283,1790672 947,8705772 189,5741154 189,5741154 758,2964617 15314,1802904 -599,164358



2014 5199452 449723 368,947264 -197355000 300 1043,631005 0 28,28672569 1 2,828672569 208,726201 240,8415993 802,7894058 160,5578812 160,5578812 642,2315247 16250,9116659 -348,252692



2015 5857101,5 657649,5 361,5683187 24858700 300 1495,624063 0 41,36490908 1 4,136490908 4000 900 980 299,124813 1325,626213 169,9978505 33,9995701 33,9995701 -3784,00172 17 -1394,02283 -1742,27552



2016 7238121,5 1381020 354,3369523 719654400 300 3077,89637 0 86,8635447 1 8,68635447 980 615,579274 1692,129173 1385,767197 277,1534394 277,1534394 2088,613757 18 725,547789 -1016,72773



2017 8285802 1047680,5 347,2502133 666976200 300 2288,27893 0 65,89712093 1 6,589712093 980 457,655786 1511,142619 777,1363108 155,4272622 155,4272622 1601,709049 19524,6634913 -492,064243



2018 8993714 707912 340,305209 528222200 300 1515,254041 0 44,52632522 1 4,452632522 980 303,050808 1333,029766 182,2242752 36,44485504 36,44485504 1125,77942 20347,7281486 -144,336095



2019 9561861 568147 333,4991049 517110300 300 1191,771431 0 35,7353712 1 3,57353712 980 238,354286 1258,663194 -66,89176383 -13,37835277 -13,37835277 926,4865889 21269,8453926 125,5092981



2020 10036004 474143 326,8291228 508983800 300 974,6926056 0 29,82269748 1 2,982269748 194,938521 228,7434883 745,9491172 149,1898234 149,1898234 596,7592938 22163,8945034 289,4038015



2021 10433785 397781 320,2925403 491506700 231 801,361436 0 25,01967218 1 2,501967218 160,272287 188,7939266 612,5675094 122,5135019 122,5135019 490,0540075 23126,9107672 416,3145687



2022 10772715 338930 313,8866895 486772700 231 669,1453913 0 21,31805564 1 2,131805564 133,829078 158,2789395 510,8664518 102,1732904 102,1732904 408,6931614 2499,80245452 516,1170232



2023 11062583 289868 307,6089557 477554700 231 560,8372217 0 18,23214868 1 1,823214868 112,167444 133,2228079 427,6144138 85,52288276 85,52288276 342,091531 2578,77265826 594,8896815



2024 11291221 228638 301,4567766 471223300 231 433,521902 0 14,38089755 1 1,438089755 86,7043804 103,5233677 329,9985343 65,99970685 65,99970685 263,9988274 2657,32241827 652,2120997



2025 11477687 186466 295,4276411 455548600 231 346,48813 0 11,72835855 1 1,172835855 69,297626 83,19882041 263,2893096 52,65786192 52,65786192 210,6314477 27 43,1255896 695,3376894



2026 11622705 145018 289,5190882 447699000 231 264,0807189 0 9,121357783 1 0,912135778 52,8161438 63,84963734 200,2310815 40,04621631 40,04621631 160,1848652 2830,92592087 726,2636102



2027 11725622 102917 283,7287065 439238000 231 183,6656652 0 6,473284551 1 0,647328455 36,733133 44,85374605 138,8119192 27,76238383 27,76238383 111,0495353 2920,21655878 746,480169



2028 11821812 96190 278,0541323 430394000 231 168,2274486 0 6,05016898 1 0,605016898 33,6454897 41,3006756 126,926773 25,3853546 25,3853546 101,5414184 3017,43102959 763,9111986



2029 11910741 88929 272,4930497 390908000 231 152,418056 0 5,59346582 1 0,559346582 30,4836112 37,6364236 114,7816324 22,95632647 22,95632647 91,8253059 3114,86385724 778,7750558



2030 11994316 83575 267,0431887 5195000 231 140,3768427 0 5,256709351 1 0,525670935 28,0753685 34,85774883 105,5190939 21,10381878 21,10381878 84,41527512 3212,88485421 791,65991



2031 12074125 79809 261,7023249 131,3702511 0 5,019835078 1 0,501983508 26,2740502 32,7958688 98,57438226 19,71487645 19,71487645 78,85950581 3311,35015643 803,0100665



2032 12150283 76158 256,4682784 122,8532831 0 4,790194087 1 0,479019409 24,5706566 30,83987011 92,01341296 18,40268259 18,40268259 73,61073037 349,990293558 813,00036



2033 12221917 71634 251,3389129 113,2443425 0 4,505643047 1 0,450564305 22,6488685 28,60507586 84,63926667 16,92785333 16,92785333 67,71141333 358,665394298 821,6657543



2034 12290550 68633 246,3121346 106,3301363 0 4,316885826 1 0,431688583 21,2660273 27,01460166 79,3155346 15,86310692 15,86310692 63,45242768 367,657094732 829,3228491



2035 12356858 66308 241,3858919 100,6735521 0 4,170647726 1 0,417064773 20,1347104 25,72242292 74,95112919 14,99022584 14,99022584 59,96090335 376,822967013 836,1458161



2036 12421834 64976 236,5581741 96,67819008 0 4,086867446 1 0,408686745 200 19,335638 24,83119221 71,84699787 14,36939957 14,36939957 -142,522402 38 -15,2924674 820,8533487



2037 12422357 523 231,8270106 0,762611419 0 0,03289571 1 0,003289571 0,15252228 1,188707565 -0,426096146 -0,085219229 -0,085219229 -0,34087692 39 -0,03448906



SUM 820,8533487



DATE FOPT vol oil per year oil prize Vol gas per year Gas prize



INCOME



EXPENDITURE



Cap Allowance royalty Fiscal allowanceTaxable income



OPEX CAPEX



Tax Net tax cash flow i NPV cum NPV
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oil income Gas income Field / offshoreCO2 - duty Gas oil transportation Subsea Production unit Drilling abandon



 (SM3) Sm3 (UsD/BBL) Sm3 (cents per gallon)(MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK)



1999 237282,60 237282,604 21,39 45087848 110,8333333 191,5426601 0 14,92462678 1 1,492462678 3500 1650 1030 38,308532 1085,725621 -894,1829614 -178,8365923 -178,8365923 -4835,34637 1 -4559,49681 -4559,49681



2000 429693,11 192410,504 34,29 62183542 138,4 248,9918274 0 12,1022566 1 1,21022566 1030 49,7983655 1094,110848 -845,1190204 -169,0238041 -169,0238041 353,9047837 2314,6770624 -4244,81975



2001 700568,86 270875,748 28,03 103837010 139,3333333 286,5378854 0 17,03757197 1 1,703757197 1030 57,3075771 1107,048906 -820,5110208 -164,1022042 -164,1022042 373,5911833 3313,2309011 -3931,58885



2002 1006112,90 305544,044 27,33 174349490 136,5 315,1390956 0 19,21814219 1 1,921814219 1030 63,0278191 1115,167776 -800,0286799 -160,005736 -160,005736 389,9770561 4308,3162145 -3623,27263



2003 1365766,48 359653,58 32,47 231690460 156 440,7126399 0 22,62152961 1 2,262152961 1030 88,142528 1144,026211 -703,3135707 -140,6627141 -140,6627141 467,3491435 5348,4079745 -3274,86466



2004 1988089,35 622322,87 42,97 246407810 180,3333333 1009,183045 0 39,1429309 1 3,91429309 201,836609 245,8938329 763,2892117 152,6578423 152,6578423 610,6313693 6429,2547148 -2845,60994



2005 2622079,85 633990,5 55,21 213079440 231 1320,958968 0 39,87680275 1 3,987680275 264,191794 309,0562766 1011,902691 202,3805383 202,3805383 809,5221531 7536,6041511 -2309,00579



2006 3110090,10 488010,25 62,36 247841245 270 1148,481174 0 30,69492127 1 3,069492127 229,696235 264,4606482 884,0205259 176,8041052 176,8041052 707,2164207 8442,0454789 -1866,96031



2007 3552112,85 442022,75 66,66 132349455 300 1111,984572 0 27,80239454 1 2,780239454 222,396914 253,9795484 858,0050235 171,6010047 171,6010047 686,4040188 9404,5607651 -1462,39955



2008 3804713,25 252600,4 91,35 210171400 300 870,8260575 0 15,88808717 1 1,588808717 174,165212 192,6421074 678,1839501 135,63679 135,63679 542,5471601 10301,5301655 -1160,86938



2009 3804713,25 0 60 0 300 0 0 0 1 0 0 1 -1 -0,2 0 -1 11 -0,52406191 -1161,39345



2010 4019090,66 214377,41 400 -51295890 300 539,3573369 0 13,48393342 1 1,348393342 107,871467 123,7037942 415,6535428 83,13070856 83,13070856 332,5228342 12164,3211249 -997,072321



2011 4757607,40 738516,74 412 74040400 300 1913,793785 0 46,45130545 1 4,645130545 382,758757 434,8551929 1478,938592 295,7877184 295,7877184 1183,150873 13551,3169966 -445,755325



2012 5498808,90 741201,5 424,36 -235126510 300 1978,37361 0 46,62017178 1 4,662017178 395,674722 447,9569109 1530,416699 306,0833397 306,0833397 1224,333359 14537,9603442 92,20501968



2013 6174647,70 675838,8 437,0908 -219673000 300 1858,028479 0 42,50898163 1 4,250898163 371,605696 419,3655756 1438,662903 287,7325807 287,7325807 1150,930323 15476,8578534 569,0628731



2014 6759287,60 584639,9 450,203524 -197355000 300 1655,521867 0 36,7727434 1 3,67727434 331,104373 372,554391 1282,967475 256,5934951 256,5934951 1026,37398 16400,9912242 970,0540973



2015 7614231,95 854944,35 463,7096297 24858700 300 2493,569868 0 53,77438181 1 5,377438181 4000 900 980 498,713974 1538,865794 954,7040741 190,9408148 190,9408148 -3156,23674 17 -1162,75478 -192,70068



2016 9409557,95 1795326 477,6209186 719654400 300 5393,419982 0 112,9226081 1 11,29226081 980 1078,684 2183,898865 3209,521117 641,9042233 641,9042233 3547,616893 18 1232,37989 1039,67921



201710771542,60 1361984,65 491,9495462 666976200 300 4214,347636 0 85,66625721 1 8,566625721 980 842,869527 1918,10241 2296,245225 459,2490451 459,2490451 2816,99618 19922,7487678 1962,427978



201811691828,20 920285,6 506,7080326 528222200 300 2933,040064 0 57,88422279 1 5,788422279 980 586,608013 1631,280658 1301,759407 260,3518813 260,3518813 2021,407525 20624,3676902 2586,795668



201912430419,30 738591,1 521,9092735 517110300 300 2424,580811 0 46,45598256 1 4,645598256 980 484,916162 1517,017743 907,5630678 181,5126136 181,5126136 1706,050454 21 496,898563 3083,694231



202013046805,20 616385,9 537,5665517 508983800 300 2084,119004 0 38,76950673 1 3,876950673 416,823801 460,4702583 1623,648746 324,7297492 324,7297492 1298,918997 22356,7362689 3440,4305



202113563920,50 517115,3 553,6935483 491506700 231 1800,920039 0 32,52557383 1 3,252557383 360,184008 396,962139 1403,9579 280,7915799 280,7915799 1123,16632 23290,8697759 3731,300276



202214004529,50 440609 570,3043547 486772700 231 1580,511396 0 27,71347234 1 2,771347234 316,102279 347,5870988 1232,924297 246,5848594 246,5848594 986,3394377 24240,8630879 3972,163364



202314381357,90 376828,4 587,4134854 477554700 231 1392,275301 0 23,70179329 1 2,370179329 278,45506 305,5270327 1086,748268 217,3496536 217,3496536 869,3986143 25 200,194491 4172,357855



202414678587,30 297229,4 605,0358899 471223300 231 1131,124689 0 18,69516681 1 1,869516681 226,224938 247,7896213 883,3350678 176,6670136 176,6670136 706,6680542 26153,4397792 4325,797634



202514920993,10 242405,8 623,1869666 455548600 231 950,1648246 0 15,24686612 1 1,524686612 190,032965 207,8045176 742,3603069 148,4720614 148,4720614 593,8882456 27121,5952367 4447,392871



202615109516,50 188523,4 641,8825756 447699000 231 761,1292815 0 11,85776512 1 1,185776512 152,225856 166,2693979 594,8598836 118,9719767 118,9719767 475,8879069 2891,87679329 4539,269664



202715243308,60 133792,1 661,1390529 439238000 231 556,3663582 0 8,415269916 1 0,841526992 111,273272 121,5300685 434,8362897 86,96725793 86,96725793 347,8690317 2963,32952865 4602,599193



202815368355,60 125047 680,9732245 430394000 231 535,6004003 0 7,865219674 1 0,786521967 107,12008 116,7718217 418,8285786 83,76571572 83,76571572 335,0628629 3057,51830896 4660,117502



202915483963,30 115607,7 701,4024212 390908000 231 510,025161 0 7,271505566 1 0,727150557 102,005032 111,0036883 399,0214727 79,80429454 79,80429454 319,2171781 3151,67201477 4711,789516



203015592610,80 108647,5 722,4444939 5195000 231 493,6984945 0 6,833722157 1 0,683372216 98,7396989 107,2567933 386,4417012 77,28834024 77,28834024 309,153361 3247,18809456 4758,977611



203115696362,50 103751,7 744,1178287 485,5953412 0 6,525785601 1 0,65257856 97,1190682 105,2974324 380,2979088 76,05958176 76,05958176 304,238327 3343,78866654 4802,766278



203215795367,90 99005,4 766,4413635 477,2823754 0 6,227252313 1 0,622725231 95,4564751 103,3064526 373,9759227 74,79518455 74,79518455 299,1807382 3440,60418075 4843,370458



203315888492,10 93124,2 789,4346045 462,3983698 0 5,857335961 1 0,585733596 92,479674 99,92274352 362,4756263 72,49512525 72,49512525 289,980501 3537,11036672 4880,480825



203415977715,00 89222,9 813,1176426 456,3176834 0 5,611951574 1 0,561195157 91,2635367 98,43668341 357,881 71,5762 71,5762 286,3048 3634,54971001 4915,030535



203516063915,40 86200,4 837,5111719 454,0853283 0 5,421842043 1 0,542184204 90,8170657 97,78109192 356,3042364 71,26084728 71,26084728 285,0433891 3732,43516246 4947,465697



203616148384,20 84468,8 862,636507 458,3125376 0 5,31292768 1 0,531292768 200 91,6625075 98,50672797 359,8058096 71,96116193 71,96116193 87,8446477 38 9,42561588 4956,891313



203716149064,10 679,9 888,5156022 3,799685744 0 0,042764423 1 0,004276442 0,75993715 1,806978014 1,992707729 0,398541546 0,398541546 1,594166183 39 0,16129368



SUM 4956,891313



DATE FOPT vol oil per year oil prize Vol gas per year Gas prize



INCOME



EXPENDITURE



Cap Allowance royalty Fiscal allowanceTaxable income



OPEX CAPEX



Tax Net tax cash flow i NPV cum NPV
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oil income Gas income Field / offshoreCO2 - duty Gas oil transportation Subsea Production unit Drilling abandon



 (SM3) Sm3 (UsD/BBL) Sm3 (cents per gallon)(MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK)



1999 177049,33 177049,3276 21,39 45087848 110,8333333 142,9202926 0 11,13606768 1 1,113606768 3500 1650 1030 28,5840585 1071,833733 -928,9134404 -185,7826881 -185,7826881 -4863,13075 1 -4585,69614 -4585,69614



2000 320617,17 143567,8376 34,29 62183542 138,4 185,7862097 0 9,030145312 1 0,903014531 1030 37,1572419 1078,090402 -892,3041921 -178,4608384 -178,4608384 316,1566463 2281,1130262 -4304,58311



2001 522732,15 202114,9812 28,03 103837010 139,3333333 213,8013453 0 12,71264986 1 1,271264986 1030 42,7602691 1087,744184 -873,9428386 -174,7885677 -174,7885677 330,8457291 3277,3917332 -4027,19138



2002 750715,01 227982,8636 27,33 174349490 136,5 235,1422483 0 14,33969071 1 1,433969071 1030 47,0284497 1093,802109 -858,6598612 -171,7319722 -171,7319722 343,0721111 4271,2331224 -3755,95825



2003######### 268356,902 32,47 231690460 156 328,8394313 0 16,87914133 1 1,687914133 1030 65,7678863 1115,334942 -786,4955104 -157,2991021 -157,2991021 400,8035917 5298,7983813 -3457,15987



2004######### 464348,603 42,97 246407810 180,3333333 753,0058102 0 29,20664844 1 2,920664844 150,601162 183,7284753 569,2773349 113,855467 113,855467 455,4218679 6320,1472997 -3137,01257



2005######### 473054,45 55,21 213079440 231 985,6386146 0 29,75422975 1 2,975422975 197,127723 230,8573756 754,7812389 150,9562478 150,9562478 603,8249911 7400,2546386 -2736,75793



2006######### 364130,725 62,36 247841245 270 856,9436453 0 22,90313356 1 2,290313356 171,388729 197,582176 659,3614693 131,8722939 131,8722939 527,4891754 8 329,707001 -2407,05093



2007######### 329816,975 66,66 132349455 300 829,7115652 0 20,74486362 1 2,074486362 165,942313 189,761663 639,9499022 127,9899804 127,9899804 511,9599217 9 301,744879 -2105,30605



2008######### 188478,76 91,35 210171400 300 649,7702122 0 11,85495735 1 1,185495735 129,954042 143,9944955 505,7757166 101,1551433 101,1551433 404,6205733 10224,8750291 -1880,43103



2009######### 0 60 0 300 0 0 0 1 0 0 1 -1 -0,2 0 -1 11 -0,52406191 -1880,95509



2010######### 159958,529 400 -51295890 300 402,4435514 0 10,06108879 1 1,006108879 80,4887103 92,55590795 309,8876435 61,97752869 61,97752869 247,9101148 12122,5084858 -1758,4466



2011######### 551047,106 412 74040400 300 1427,984593 0 34,65982022 1 3,465982022 285,596919 324,7227209 1103,261872 220,6523745 220,6523745 882,6094979 13 411,272669 -1347,17393



2012######### 553050,35 424,36 -235126510 300 1476,171078 0 34,78582048 1 3,478582048 295,234216 334,4986181 1141,67246 228,334492 228,334492 913,3379678 14401,3119498 -945,861983



2013######### 504279,72 437,0908 -219673000 300 1386,375096 0 31,71824014 1 3,171824014 277,275019 313,1650833 1073,210012 214,6420025 214,6420025 858,56801 15355,7251818 -590,136801



2014######### 436231,31 450,203524 -197355000 300 1235,274008 0 27,43812392 1 2,743812392 247,054802 278,2367379 957,0372702 191,407454 191,407454 765,6298161 16299,1218046 -291,014996



2015######### 637920,015 463,7096297 24858700 300 1860,586747 0 40,12396181 1 4,012396181 4000 900 980 372,117349 1397,253707 463,3330399 92,66660798 92,66660798 -3549,33357 17 -1307,57129 -1598,58629



2016######### 1339589,4 477,6209186 719654400 300 4024,321063 0 84,25763836 1 8,425763836 980 804,864213 1878,547615 2145,773449 429,1546897 429,1546897 2696,618759 18936,7580632 -661,828228



2017######### 1016250,085 491,9495462 666976200 300 3144,551697 0 63,9202073 1 6,39202073 980 628,910339 1680,222567 1464,32913 292,865826 292,865826 2151,463304 19704,7436295 42,91540133



2018######### 686674,64 506,7080326 528222200 300 2188,499125 0 43,19053546 1 4,319053546 980 437,699825 1466,209414 722,289711 144,4579422 144,4579422 1557,831769 20481,1794807 524,094882



2019######### 551102,59 521,9092735 517110300 300 1809,110297 0 34,66331006 1 3,466331006 980 361,822059 1380,951701 428,1585967 85,63171935 85,63171935 1322,526877 21385,1947657 909,2896477



2020######### 459918,71 537,5665517 508983800 300 1555,073411 0 28,92801656 1 2,892801656 311,014682 343,8355004 1211,237911 242,2475821 242,2475821 968,9903284 22266,1243659 1175,414014



2021######### 385847,57 553,6935483 491506700 231 1343,763413 0 24,26908202 1 2,426908202 268,752683 296,4486729 1047,314741 209,4629481 209,4629481 837,8517925 23216,9810105 1392,395024



2022######### 328762,1 570,3043547 486772700 231 1179,304657 0 20,67851397 1 2,067851397 235,860931 259,6072968 919,6973602 183,939472 183,939472 735,7578881 24179,6713283 1572,066352



2023######### 281171,96 587,4134854 477554700 231 1038,85157 0 17,68518422 1 1,768518422 207,770314 228,2240167 810,6275537 162,1255107 162,1255107 648,502043 25149,3291274 1721,39548



2024######### 221778,86 605,0358899 471223300 231 843,9930372 0 13,94947062 1 1,394947062 168,798607 185,1430251 658,8500121 131,7700024 131,7700024 527,0800097 26 114,445587 1835,841067



2025######### 180872,02 623,1869666 455548600 231 708,9691384 0 11,37650779 1 1,137650779 141,793828 155,3079862 553,6611521 110,7322304 110,7322304 442,9289217 2790,68717473 1926,528241



2026######### 140667,46 641,8825756 447699000 231 567,9195408 0 8,84771705 1 0,884771705 113,583908 124,3163969 443,6031439 88,72062878 88,72062878 354,8825151 2868,51501585 1995,043257



2027######### 99829,49 661,1390529 439238000 231 415,134898 0 6,279086014 1 0,627908601 83,0269796 90,93397423 324,2009238 64,84018476 64,84018476 259,3607391 2947,21660124 2042,259859



2028######### 93304,3 680,9732245 430394000 231 399,6402987 0 5,868663911 1 0,586866391 79,9280597 87,38359004 312,2567086 62,45134173 62,45134173 249,8053669 3042,88264641 2085,142505



2029######### 86261,13 701,4024212 390908000 231 380,5572355 0 5,425661845 1 0,542566185 76,1114471 83,07967513 297,4775604 59,49551208 59,49551208 237,9820483 3138,52240029 2123,664905



2030######### 81067,75 722,4444939 5195000 231 368,3750305 0 5,099008071 1 0,509900807 73,6750061 80,28391498 288,0911155 57,6182231 57,6182231 230,4728924 3235,17858129 2158,843487



2031######### 77414,73 744,1178287 362,3288315 0 4,869240025 1 0,486924003 72,4657663 78,82193033 283,5069012 56,70138024 56,70138024 226,8055209 3332,64385333 2191,48734



2032######### 73873,26 766,4413635 356,1260801 0 4,646488264 1 0,464648826 71,225216 77,3363531 278,789727 55,75794539 55,75794539 223,0317816 3430,26940447 2221,756744



2033######### 69484,98 789,4346045 345,0203221 0 4,370473756 1 0,437047376 69,0040644 74,81158555 270,2087365 54,04174731 54,04174731 216,1669892 3527,66405401 2249,420798



2034######### 66574,01 813,1176426 340,4831945 0 4,187379251 1 0,418737925 68,0966389 73,70275608 266,7804385 53,35608769 53,35608769 213,4243508 3625,75489278 2275,175691



2035######### 64318,76 837,5111719 338,8175142 0 4,045528294 1 0,404552829 67,7635028 73,21358397 265,6039303 53,12078605 53,12078605 212,4831442 3724,17851304 2299,354204



2036######### 63026,72 862,636507 341,9716627 0 3,964261423 1 0,396426142 200 68,3943325 73,7550201 268,2166426 53,64332851 53,64332851 14,57331406 38 1,56369755 2300,917902



2037######### 507,31 888,5156022 2,835150132 0 0,031908839 1 0,003190884 0,56703003 1,602129749 1,233020382 0,246604076 0,246604076 0,986416306 390,099803093



SUM 2300,917902



DATE FOPT vol oil per year oil prize Vol gas per year Gas prize



INCOME



EXPENDITURE



Cap Allowance royalty Fiscal allowanceTaxable income



OPEX CAPEX



Tax Net tax cash flow i NPV cum NPV
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oil income Gas income Field / offshoreCO2 - duty Gas oil transportation Subsea Production unit Drilling abandon



 (SM3) Sm3 (UsD/BBL) Sm3 (cents per gallon)(MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK)



1999 182525,08 182525,08 21,39 45087848 110,8333333 147,3405078 0 11,48048214 1 1,148048214 4900 2310 1442 29,4681016 1485,096632 -1337,756124 -267,5512248 -267,5512248 -6838,2049 1 -6448,09514 -6448,09514



2000 330533,16 148008,08 34,29 62183542 138,4 191,5321749 0 9,309428157 1 0,930942816 1442 38,306435 1491,546806 -1300,014631 -260,0029262 -260,0029262 401,9882952 2357,4308732 -6090,66427



2001 538899,12 208365,96 28,03 103837010 139,3333333 220,413758 0 13,10582459 1 1,310582459 1442 44,0827516 1501,499159 -1281,085401 -256,2170801 -256,2170801 417,1316795 3349,7366578 -5740,92761



2002 773933,00 235033,88 27,33 174349490 136,5 242,4146889 0 14,7831863 1 1,47831863 1442 48,4829378 1507,744443 -1265,329754 -253,0659508 -253,0659508 429,736197 4339,7498274 -5401,17778



2003 1050589,6 276656,6 32,47 231690460 156 339,009723 0 17,40117662 1 1,740117662 1442 67,8019446 1529,943239 -1190,933516 -238,1867032 -238,1867032 489,2531873 5364,7374012 -5036,44038



2004 1529299,5 478709,9 42,97 246407810 180,3333333 776,2946497 0 30,10994685 1 3,010994685 155,25893 189,3798715 586,9147782 117,3829556 117,3829556 469,5318226 6330,0661556 -4706,37423



2005 2016984,5 487685 55,21 213079440 231 1016,122283 0 30,67446366 1 3,067446366 203,224457 237,9663666 778,1559164 155,6311833 155,6311833 622,5247331 7412,6500488 -4293,72418



2006 2392377 375392,5 62,36 247841245 270 883,447057 0 23,6114779 1 2,36114779 176,689411 203,6620371 679,7850199 135,957004 135,957004 543,8280159 8339,9195899 -3953,80459



2007 2732394,5 340017,5 66,66 132349455 300 855,3727476 0 21,38645734 1 2,138645734 171,07455 195,5996526 659,773095 131,954619 131,954619 527,818476 9311,0917778 -3642,71281



2008 2926702,5 194308 91,35 210171400 300 669,8661981 0 12,22160551 1 1,222160551 133,97324 148,4170057 521,4491924 104,2898385 104,2898385 417,1593539 10231,8436779 -3410,86913



2009 2926702,5 0 60 0 300 0 0 0 1 0 0 1 -1 -0,2 0 -1 11 -0,52406191 -3411,3932



2010 3091608,2 164905,7 400 -51295890 300 414,8902592 0 10,37225648 1 1,037225648 82,9780518 95,38753396 319,5027252 63,90054504 63,90054504 255,6021802 12126,3096348 -3285,08356



2011 3659698 568089,8 412 74040400 300 1472,149065 0 35,73177343 1 3,573177343 294,429813 334,7347638 1137,414301 227,4828603 227,4828603 909,9314411 13424,0039715 -2861,07959



2012 4229853 570155 424,36 -235126510 300 1521,825854 0 35,8616706 1 3,58616706 304,365171 344,8130084 1177,012845 235,402569 235,402569 941,6102761 14413,7345311 -2447,34506



2013 4749729 519876 437,0908 -219673000 300 1429,252676 0 32,69921664 1 3,269921664 285,850535 322,8196735 1106,433003 221,2866005 221,2866005 885,1464021 15366,7372428 -2080,60782



2014 5199452 449723 450,203524 -197355000 300 1273,478359 0 28,28672569 1 2,828672569 254,695672 286,81107 986,6672888 197,3334578 197,3334578 789,3338311 16 308,382661 -1772,22515



2015 5857101,5 657649,5 463,7096297 24858700 300 1918,130667 0 41,36490908 1 4,136490908 5600 1260 1372 383,626133 1802,127533 116,0031339 23,20062679 23,20062679 -5395,19749 17 -1987,58591 -3759,81106



2016 7238121,5 1381020 477,6209186 719654400 300 4148,784601 0 86,8635447 1 8,68635447 1372 829,75692 2298,306819 1850,477782 370,0955564 370,0955564 2852,382226 18990,8675597 -2768,9435



2017 8285802 1047680,5 491,9495462 666976200 300 3241,805873 0 65,89712093 1 6,589712093 1372 648,361175 2093,848008 1147,957866 229,5915732 229,5915732 2290,366293 19750,2433581 -2018,70014



2018 8993714 707912 506,7080326 528222200 300 2256,184665 0 44,52632522 1 4,452632522 1372 451,236933 1873,215891 382,9687742 76,59375485 76,59375485 1678,375019 20518,4126017 -1500,28754



2019 9561861 568147 521,9092735 517110300 300 1865,062162 0 35,7353712 1 3,57353712 1372 373,012432 1785,321341 79,74082138 15,94816428 15,94816428 1435,792657 21418,1841788 -1082,10336



2020 10036004 474143 537,5665517 508983800 300 1603,168465 0 29,82269748 1 2,982269748 320,633693 354,4386602 1248,729805 249,7459609 249,7459609 998,9838437 22274,3618116 -807,74155



2021 10433785 397781 553,6935483 491506700 231 1385,323107 0 25,01967218 1 2,501967218 277,064621 305,5862607 1079,736846 215,9473692 215,9473692 863,7894768 23 223,698171 -584,043378



2022 10772715 338930 570,3043547 486772700 231 1215,777997 0 21,31805564 1 2,131805564 243,155599 267,6054606 948,1725363 189,6345073 189,6345073 758,538029 24185,2342155 -398,809163



2023 11062583 289868 587,4134854 477554700 231 1070,981 0 18,23214868 1 1,823214868 214,1962 235,2515636 835,7294368 167,1458874 167,1458874 668,5835494 25153,9532513 -244,855912



2024 11291221 228638 605,0358899 471223300 231 870,0959147 0 14,38089755 1 1,438089755 174,019183 190,8381702 679,2577444 135,8515489 135,8515489 543,4061956 26117,9905136 -126,865398



2025 11477687 186466 623,1869666 455548600 231 730,8960189 0 11,72835855 1 1,172835855 146,179204 160,0803982 570,8156207 114,1631241 114,1631241 456,6524966 2793,49699855 -33,3683995



2026 11622705 145018 641,8825756 447699000 231 585,4840627 0 9,121357783 1 0,912135778 117,096813 128,1303061 457,3537566 91,47075132 91,47075132 365,8830053 28 70,6388138 37,2704143



2027 11725622 102917 661,1390529 439238000 231 427,9741217 0 6,473284551 1 0,647328455 85,5948243 93,71543735 334,2586844 66,85173687 66,85173687 267,4069475 2948,68141282 85,95182711



2028 11821812 96190 680,9732245 430394000 231 412,0003079 0 6,05016898 1 0,605016898 82,4000616 90,05524746 321,9450605 64,38901209 64,38901209 257,5560484 3044,21316119 130,1649883



2029 11910741 88929 701,4024212 390908000 231 392,3270469 0 5,59346582 1 0,559346582 78,4654094 85,61822179 306,7088251 61,34176503 61,34176503 245,3670601 3139,71781979 169,8828081



2030 11994316 83575 722,4444939 5195000 231 379,7680727 0 5,256709351 1 0,525670935 75,9536145 82,73599482 297,0320779 59,40641557 59,40641557 237,6256623 3236,27035523 206,1531633



2031 12074125 79809 744,1178287 373,5348778 0 5,019835078 1 0,501983508 74,7069756 81,22879415 292,3060837 58,46121674 58,46121674 233,844867 3333,65701817 239,8101815



2032 12150283 76158 766,4413635 367,1402887 0 4,790194087 1 0,479019409 73,4280577 79,69727124 287,4430175 57,4886035 57,4886035 229,954414 3431,20892958 271,0191111



2033 12221917 71634 789,4346045 355,6910537 0 4,505643047 1 0,450564305 71,1382107 77,09441809 278,5966356 55,71932712 55,71932712 222,8773085 3528,52280972 299,5419208



2034 12290550 68633 813,1176426 351,0136026 0 4,316885826 1 0,431688583 70,2027205 75,95129493 275,0623077 55,01246154 55,01246154 220,0498461 3626,55442162 326,0963424



2035 12356858 66308 837,5111719 349,2964064 0 4,170647726 1 0,417064773 69,8592813 75,44699378 273,8494126 54,76988253 54,76988253 219,0795301 3724,92911754 351,0254599



2036 12421834 64976 862,636507 352,5481058 0 4,086867446 1 0,408686745 280 70,5096212 76,00517536 276,5429305 55,3085861 55,3085861 -58,7656556 38 -6,30547804 344,7199819



2037 12422357 523 888,5156022 2,922835187 0 0,03289571 1 0,003289571 0,58456704 1,620752319 1,302082869 0,260416574 0,260416574 1,041666295 390,105393147



SUM 344,7199819



DATE FOPT vol oil per year oil prize Vol gas per year Gas prize cum NPV



INCOME



EXPENDITURE



Cap Allowance royalty Fiscal allowanceTaxable income



OPEX CAPEX



Tax Net tax cash flow i NPV
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oil income Gas income Field / offshoreCO2 - duty Gas oil transportation Subsea Production unit Drilling abandon



 (SM3) Sm3 (UsD/BBL) Sm3 (cents per gallon)(MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK) (MNOK)



1999 182525,08 182525,08 21,39 45087848 110,8333333 147,3405078 0 11,48048214 1 1,148048214 2100 990 618 29,4681016 661,0966319 -513,7561241 -102,7512248 -102,7512248 -2883,0049 1 -2718,53362 -2718,53362



2000 330533,16 148008,08 34,29 62183542 138,4 191,5321749 0 9,309428157 1 0,930942816 618 38,306435 667,546806 -476,0146311 -95,20292621 -95,20292621 237,1882952 2210,8977313 -2507,63588



2001 538899,12 208365,96 28,03 103837010 139,3333333 220,413758 0 13,10582459 1 1,310582459 618 44,0827516 677,4991587 -457,0854006 -91,41708013 -91,41708013 252,3316795 3211,5630209 -2296,07286



2002 773933,00 235033,88 27,33 174349490 136,5 242,4146889 0 14,7831863 1 1,47831863 618 48,4829378 683,7444427 -441,3297538 -88,26595076 -88,26595076 264,936197 4209,4587978 -2086,61407



2003 1050589,6 276656,6 32,47 231690460 156 339,009723 0 17,40117662 1 1,740117662 618 67,8019446 705,9432389 -366,9335159 -73,38670318 -73,38670318 324,4531873 5241,8792875 -1844,73478



2004 1529299,5 478709,9 42,97 246407810 180,3333333 776,2946497 0 30,10994685 1 3,010994685 155,25893 189,3798715 586,9147782 117,3829556 117,3829556 469,5318226 6330,0661556 -1514,66862



2005 2016984,5 487685 55,21 213079440 231 1016,122283 0 30,67446366 1 3,067446366 203,224457 237,9663666 778,1559164 155,6311833 155,6311833 622,5247331 7412,6500488 -1102,01857



2006 2392377 375392,5 62,36 247841245 270 883,447057 0 23,6114779 1 2,36114779 176,689411 203,6620371 679,7850199 135,957004 135,957004 543,8280159 8339,9195899 -762,098984



2007 2732394,5 340017,5 66,66 132349455 300 855,3727476 0 21,38645734 1 2,138645734 171,07455 195,5996526 659,773095 131,954619 131,954619 527,818476 9311,0917778 -451,007206



2008 2926702,5 194308 91,35 210171400 300 669,8661981 0 12,22160551 1 1,222160551 133,97324 148,4170057 521,4491924 104,2898385 104,2898385 417,1593539 10231,8436779 -219,163528



2009 2926702,5 0 60 0 300 0 0 0 1 0 0 1 -1 -0,2 0 -1 11 -0,52406191 -219,68759



2010 3091608,2 164905,7 400 -51295890 300 414,8902592 0 10,37225648 1 1,037225648 82,9780518 95,38753396 319,5027252 63,90054504 63,90054504 255,6021802 12126,3096348 -93,3779552



2011 3659698 568089,8 412 74040400 300 1472,149065 0 35,73177343 1 3,573177343 294,429813 334,7347638 1137,414301 227,4828603 227,4828603 909,9314411 13424,0039715 330,6260163



2012 4229853 570155 424,36 -235126510 300 1521,825854 0 35,8616706 1 3,58616706 304,365171 344,8130084 1177,012845 235,402569 235,402569 941,6102761 14413,7345311 744,3605475



2013 4749729 519876 437,0908 -219673000 300 1429,252676 0 32,69921664 1 3,269921664 285,850535 322,8196735 1106,433003 221,2866005 221,2866005 885,1464021 15366,7372428 1111,09779



2014 5199452 449723 450,203524 -197355000 300 1273,478359 0 28,28672569 1 2,828672569 254,695672 286,81107 986,6672888 197,3334578 197,3334578 789,3338311 16 308,382661 1419,480451



2015 5857101,5 657649,5 463,7096297 24858700 300 1918,130667 0 41,36490908 1 4,136490908 2400 540 588 383,626133 1018,127533 900,0031339 180,0006268 180,0006268 -1631,99749 17 -601,226409 818,2540424



2016 7238121,5 1381020 477,6209186 719654400 300 4148,784601 0 86,8635447 1 8,68635447 588 829,75692 1514,306819 2634,477782 526,8955564 526,8955564 2695,582226 18936,3979897 1754,652032



2017 8285802 1047680,5 491,9495462 666976200 300 3241,805873 0 65,89712093 1 6,589712093 588 648,361175 1309,848008 1931,957866 386,3915732 386,3915732 2133,566293 19698,8811988 2453,533231



2018 8993714 707912 506,7080326 528222200 300 2256,184665 0 44,52632522 1 4,452632522 588 451,236933 1089,215891 1166,968774 233,3937548 233,3937548 1521,575019 20469,9805796 2923,51381



2019 9561861 568147 521,9092735 517110300 300 1865,062162 0 35,7353712 1 3,57353712 588 373,012432 1001,321341 863,7408214 172,7481643 172,7481643 1278,992657 21372,5151339 3296,028944



2020 10036004 474143 537,5665517 508983800 300 1603,168465 0 29,82269748 1 2,982269748 320,633693 354,4386602 1248,729805 249,7459609 249,7459609 998,9838437 22274,3618116 3570,390756



2021 10433785 397781 553,6935483 491506700 231 1385,323107 0 25,01967218 1 2,501967218 277,064621 305,5862607 1079,736846 215,9473692 215,9473692 863,7894768 23 223,698171 3794,088927



2022 10772715 338930 570,3043547 486772700 231 1215,777997 0 21,31805564 1 2,131805564 243,155599 267,6054606 948,1725363 189,6345073 189,6345073 758,538029 24185,2342155 3979,323142



2023 11062583 289868 587,4134854 477554700 231 1070,981 0 18,23214868 1 1,823214868 214,1962 235,2515636 835,7294368 167,1458874 167,1458874 668,5835494 25153,9532513 4133,276394



2024 11291221 228638 605,0358899 471223300 231 870,0959147 0 14,38089755 1 1,438089755 174,019183 190,8381702 679,2577444 135,8515489 135,8515489 543,4061956 26117,9905136 4251,266907



2025 11477687 186466 623,1869666 455548600 231 730,8960189 0 11,72835855 1 1,172835855 146,179204 160,0803982 570,8156207 114,1631241 114,1631241 456,6524966 2793,49699855 4344,763906



2026 11622705 145018 641,8825756 447699000 231 585,4840627 0 9,121357783 1 0,912135778 117,096813 128,1303061 457,3537566 91,47075132 91,47075132 365,8830053 28 70,6388138 4415,40272



2027 11725622 102917 661,1390529 439238000 231 427,9741217 0 6,473284551 1 0,647328455 85,5948243 93,71543735 334,2586844 66,85173687 66,85173687 267,4069475 2948,68141282 4464,084133



2028 11821812 96190 680,9732245 430394000 231 412,0003079 0 6,05016898 1 0,605016898 82,4000616 90,05524746 321,9450605 64,38901209 64,38901209 257,5560484 3044,21316119 4508,297294



2029 11910741 88929 701,4024212 390908000 231 392,3270469 0 5,59346582 1 0,559346582 78,4654094 85,61822179 306,7088251 61,34176503 61,34176503 245,3670601 3139,71781979 4548,015114



2030 11994316 83575 722,4444939 5195000 231 379,7680727 0 5,256709351 1 0,525670935 75,9536145 82,73599482 297,0320779 59,40641557 59,40641557 237,6256623 3236,27035523 4584,285469



2031 12074125 79809 744,1178287 373,5348778 0 5,019835078 1 0,501983508 74,7069756 81,22879415 292,3060837 58,46121674 58,46121674 233,844867 3333,65701817 4617,942487



2032 12150283 76158 766,4413635 367,1402887 0 4,790194087 1 0,479019409 73,4280577 79,69727124 287,4430175 57,4886035 57,4886035 229,954414 3431,20892958 4649,151417



2033 12221917 71634 789,4346045 355,6910537 0 4,505643047 1 0,450564305 71,1382107 77,09441809 278,5966356 55,71932712 55,71932712 222,8773085 3528,52280972 4677,674226



2034 12290550 68633 813,1176426 351,0136026 0 4,316885826 1 0,431688583 70,2027205 75,95129493 275,0623077 55,01246154 55,01246154 220,0498461 3626,55442162 4704,228648



2035 12356858 66308 837,5111719 349,2964064 0 4,170647726 1 0,417064773 69,8592813 75,44699378 273,8494126 54,76988253 54,76988253 219,0795301 3724,92911754 4729,157765



2036 12421834 64976 862,636507 352,5481058 0 4,086867446 1 0,408686745 120 70,5096212 76,00517536 276,5429305 55,3085861 55,3085861 101,2343444 3810,86231283 4740,020078



2037 12422357 523 888,5156022 2,922835187 0 0,03289571 1 0,003289571 0,58456704 1,620752319 1,302082869 0,260416574 0,260416574 1,041666295 390,105393147



SUM 4740,020078



DATE FOPT vol oil per year oil prize Vol gas per year Gas prize cum NPV



INCOME



EXPENDITURE



Cap Allowance royalty Fiscal allowanceTaxable income



OPEX CAPEX



Tax Net tax cash flow i NPV






