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Predicting production profile of Snohvit field - Reservoir simulator proxy - Milan Stanko, 20190111

Snohvit gas Field
G=IGIP 270E+0¢ Sm3
T 920
P, mitial Res pressure 276 bara
C, inflow Back pressure coefficient 1000 Sm3/bar’2n
1, backpressure, exponent 1
Gas molecular weight (Methane) 16 kefkmole
Gas specific gravity 0.5 Gas specific gravity
Number of wells 9
Pinic 120 [bara]
il st 2008407 [SmA3/d]
Gas price 0.11 [usd/SmA3]
Discount rate 7[%]
Field gas rate for abandonment 8,00E+06 [SmA3/d]
Uptime 347E:02d
time qwell_pot gfield_pot  ¢field pwf AGp Gp 1 RF PR Revenue DR COR
[years] [5mA3/d] [SmA3fd] [SmA3/d]  [bara] [sma3]  [smA3] [ [ [bara] ~ [USD]  [USD]  [usD]
0 6.18E+07  5.56E+08  2.00E+07 0.00E+00 1.000 0.000 276
1 579407 5.21E+08  2.00E+07 6.94E+09 6.94E+09 1.000 0.026 269
2 5420407 AB7E408  2.00E+07 6.94E+09 1.39E+10 1,000 0.051 260
3 5056407 4.54E+08  2.00E+07 6.94E+09 2.08E+10 1,000 0077 255
4 L69E+07  4.20E408  2.00E+07 6.94E+09 2.77E+10 1,000 0.103 A8
5 4356407 391E+08  2.00E+07 6.94E+09 3.47E+10 1,000 0128 A1
6 401E+07  361E+08  2.00£+07 6.94E+09 4.16E+10 1.000 0.154 23
7 368F407  332F+08  2.00F+07 6.94F+09 4.85E+10 1.000 0.180 26
field rate
2.50E407
2.00E+07 —
T \\'\II
3 \
by §
T 1.50E+07 \
@, \
. i
s |
3 1
£ 1.00E+07 |
= |
o 1
@ 1
II
5.00E+06 \
%
\
0.00E+00
0 5 10 15 20 25

time, years

—=—field rate
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Sutton” suggests the following correlations for hydrocarbon gas

mixtures.
Tchc = 169.2 + 349-5}’ch - 74-0Vﬁﬁc ........... (3.47a)
and Ppeiic = 756.8 - 131ng¢ - 3.6y§HC. .......... (3.47b)

accurate representation of the Standing-Katz chart using a Carna-
han-Starling hard-sphere EOS,

L= APV o (3.42)

where a = 0.061257 exp|— 1.2(1 — 1?]. where ¢ = 1/T,,.
The reduced-density parameter, y (the product of a van der Waals
covolume and density), is obtained by solving

R e i Sl

[(y) =0= —ap, +

(1 —y)3
— (14.761 — 9.761> + 4.581%)y?
+ (907624222 + 42 43 y2 18282 (3.43)

with dfty) 1+ 4y + 492 — 493 + y*
dv (1 — w4

— (29.521 — 19.522+ 9.168%)y

+ (218 + 2.820(90.7t — 242.21> + 42.47%)

% .\,1.18+2‘82r'

The derivative dZ/dp used in the definition of ¢, is given by

iz a |1 _ apul/y?
ol =y o 3.45
(d}))T ppc|:.‘ df(\)/d\:| ( )

A rNP 5P ag
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TPG 4230 Spring 2019 - Prof. Milan Stanko - page 1 of 1 Group activity

Group activity
-Perform this activity in groups of 3 people
Description of the tasks:

1. Read (and understand) the power point presentation named “Field development process”.
If one of the group members has a doubt about it, try to clarify it with your group mates
or do a web search.

Pick one of the other documents provided.

3. Review the index, perform a quick scanning and skimming of the document
(http://www.butte.edu/departments/cas/tipsheets/readingstrategies/skimming_scanning.ht
ml) and pick a section, or a topic that you believe is relevant and interesting to learn more
about. (It could be one over which you and your groupmates have some previous
background on the matter). The topic should be related to some of the tasks that are
typically performed in the life planning (and decommissioning) of an oil and gas field. It
is possible to pick more than one topic (for example, if people in your team have different
background)

4. Read the section and prepare a power point presentation to present to your other
classmates, take into account the following:

a. The presentation should last around 10 min.

b. One person or all in your team can contribute/present.

c. You are encouraged to find media, pictures, diagrams, example cases on the web
to help you explain a topic. (remember to include the source on the slides)

d. If you explain a topic that requires very deep prior knowledge, it helps if you give
a short introduction to the topic. Remember, quality is better than quantity!

e. Be prepared to answer questions from the audience about the topic you presented.

no

There will be a kahoot quiz session afterwards where some of the topics in the documents will be
reviewed, and there might be some questions about the topic you are presenting, therefore, your
presentation could surely benefit others!

Your powerpoint presentation will be delivered as part of Exercise set 1. You will have time to
polish it afterwards before you make the final delivery.

Suggestions:
e Task 1 should take about 20-30 min
e Tasks 2-4 should take about 60 min. Make sure all team members contribute.


http://www.butte.edu/departments/cas/tipsheets/readingstrategies/skimming_scanning.html
http://www.butte.edu/departments/cas/tipsheets/readingstrategies/skimming_scanning.html
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Class quiz

Hide answers

Q1:What does SOC stands for?

o Statement of Commitment
This is a wrong answer

o Statement of Commerciality
This is a correct answer

« Statement of Conflict
This is a wrong answer

« Statement of Contribution

This is a wrong answer

Q2:How many decision gates do we normally have in a field development process?

e« 3

This is a wrong answer
e« 5

This is a correct answer
e 4

This is a wrong answer
e 6

This is a wrong answer

Q3:How do we call the project management process that is commonly used in field
development ?
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o Status-gate

This is a wrong answer
e Phase-gate

This is a correct answer
o Waterfall

This is a correct answer
o Stage-gate

This is a correct answer

Q4:Which of the following activities are normally performed during a business case
identification

e Scouting, pre-exploration, prospect identification , Seismic
This is a correct answer

e Prepare the PDO
This is a wrong answer

¢ Create a reservoir model
This is a wrong answer

o Discovery assessment, appraisal, reserve estimation

This is a correct answer

Q5:What subphases are in the project planning?

o Feasibility studies, concept planning, detailed engineering

This is a wrong answer
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« Feasibility studies, concept planning, pre-engineering
This is a correct answer

o Business case identification, Feasibility studies, pre-eng
This is a wrong answer

o Feasibility studies, concept planning, tech. requirements

This is a wrong answer

Q6:Flow assurance issues are evaluated in the project planning phase

e True
This is a correct answer
¢ False

This is a wrong answer

Q7:The life cycle of a hydrocarbon field is comprised of

o Exploration, appraisal, planning
This is a correct answer

e Construction and execution
This is a correct answer

e Production and operations
This is a correct answer

e Abandonment and decommisioning

This is a correct answer

Q8:PDO stands for
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o Plan for Design and Operations
This is a wrong answer

o Plan for Development and Optimization
This is a wrong answer

e Plan for Development and Operations
This is a correct answer

e Plan for Utbygging og Drift

This is a correct answer

Q9:In the field development process, what follows after the project planning?

Appraisal

This is a wrong answer

e Project execution
This is a correct answer

o ldentification of Business case
This is a wrong answer

e Operations

This is a wrong answer

Q10:What does FEED stand for?

e First End Engineering Design

This is a wrong answer

o Field End Engineering design
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This is a wrong answer

e Front End Established Design
This is a wrong answer

e Front End Engineering Design

This is a correct answer

Q11:What of the tasks below are not performed during decommissioning?

Remove and bury subsea pipelines
This is a wrong answer
« well plugging and abandonment
This is a wrong answer
o debottlenecking
This is a correct answer
o recovery of material and recycling of equipment

This is a wrong answer

Q12:which of the following statements is false?

Field production mode A is always followed by mode B

This is a wrong answer

e Afield could be produced using mode b and then mode a
This is a wrong answer

o production mode B is typically used for standalone projects

This is a correct answer

e In production mode A, the wellhead choke is opened gradually
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This is a wrong answer

Q13:Which one of the following tasks are performed during the business case
identification phase?

o Probabilistic reserve estimation
This is a correct answer

o simplified economic valuation of reserves
This is a correct answer

e appraisal
This is a correct answer

e Apply and obtain a production license

This is a correct answer

Q14:As a rule of thumb, how much is the annual offtake of an oil field in the north
sea?

e 10% of the TRR

This is a correct answer
o« 3% ofthe TRR

This is a wrong answer
e 5% ofthe TRR

This is a wrong answer
e 0.1% of the TRR

This is a wrong answer

Q15:When is the reservoir pressure maintenance strategy planned in an offshore
development?
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« from the begginning
This is a correct answer
o after some years producing the field

This is a wrong answer

Q16:BONUS: what are the names of the members of the reference group?

e Martinus, Ahmed

This is a wrong answer
e Armen, Markus

This is a correct answer
e Marius, Armen

This is a wrong answer
e Markus, Ahmed

This is a wrong answer

Q17:During the feasibility studies one or more development concepts must be
identified and analyzed

o true
This is a correct answer
« false

This is a wrong answer
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Presentation in groups of the topics:

-Volve discovery report - Exploration (Sindre, Alexander, Faraz)

-Visund PDO - Production and drilling technology (Mathilde, Joakim, Seok Ki)

-lvar Aasen consequence report - Topside processing and development concept (Sigurd, Johanne)
-Hebron field PDO - Petrophysics (Gibran, Salma, Fadhil)

n some fields, water disposal is done through injection wells (either for pressure maintenance or to a disposal formation). Therefore, if there is
n issue with the wells (loss of injectivity, plugging) this affects the water disposal capacity and can create a bottleneck in water production,
equiring to reduce the oil rate of the field. Some examples are Visund and Peregrino.

[
a
r
The injectivity is often maintained by creating fractures in the near-wellbore formation.

A brief recap was given about of the analytical development of field production profile for plateau and post-plateau periods for an
understaturated oil reservoir with underlying aquifer and produced with ESP_pumps
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A. THE TUBING RATE EQUATION IN VERTICAL AND DEVIATED GAS-WELLS

Author: Prof. Michael Golan
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Multiplying and dividing the second term on the right-hand side with:

8- fu

Page 29

2« D% - g- cos(a)
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Solving for the flow rate:

Tubing flow Equation-Dry gas
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B. CHOKE EQUATIONS

UNDERSATURATED OIL FLOW

Based on a frictionless flow contraction from an upstream point 1 to a downstream point 2.

The single-phase Bernoulli equation for steady state frictionless flow along a streamline, neglecting elevation changes, is:
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1. For the dry gas production system shown in the figure below, what is the choke pressure drop required (in
bar) for the system to deliver a rate of 2.5 E6 Sm?/d.

\ W\‘pﬂ.& (’J(U\_L lbore.) DYl = 2884 bar

/ N
5\/\0*‘9— 3\\ U\Hk\\fﬂ 9"': - 0.3

& / Pwp Pl

Inflow equation:

qe=Co-(2i- %)
With

C;=104 Sm’/d/bar*2n
n=0.9

pr = 304 bara

Tubing equation:

2 0.5
puf 2
q§ = CT { e.s‘ pwh]

Cr=4.41E4 Sm¥d/bar
$=0.31
Flowline wellhead-separator:

5 5 105
qg = CFL (PI_IJ 7ps@)
Crn =4E4  Sm/d/bar
Psep = 40 bara

2. Based on the choke performance maps shown below, what is (approximately) the required choke

diameter (in mm) to provide the desired rate of 2.5 E6 Sm*/d. Use the wel

Inead pressure and choke

pressure drop calculated in exercise 2. Will the choke operate in the critical or subcritical regime?

70.0
et 1=102 bara, d=40 mm
60.0 - ——p1=102 bara, d=42.5 mm
——p1=102 hara, d=45 mm

50.0 4

40.0 +

30.0 1

pressure drop across choke, Dp, [bar]
1
1
L)

Me o} fhai)
Cr.‘{“cﬂL —Hau Geoul)
whe i
?_'{E 5 0.5 _o-t
T Ch{\wl ?‘JL\'

How
&C'{{\ML = O‘JL -{ub

(U,\ - 0.(:.puL

2001 " 0.4 FLJL.
! A‘, = 0.4 0L

10.0 - ! = Yop by
'.

0.0 | . . . ! . ‘

000.0E+0 500.0e+3  1.0E+6 1.5E+6 2.0E+6 2.5E46
gas rate, qg, [Sm*3/d]

‘J’ar @ e~ cho ne ﬁs": 2.6y €€ S\““ya(,

3.0E+6 3.5E+6
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Plon, : o commeds on  exevae et 2.

° [leviees o(- (N'k laom t‘aq)lcd

o oo — Prodhpn \l‘wtqlvd },\Lesrr;(\\y\
Aiet ] feld value drin odel
NPV caleda Bony

Uptime ' 3474

‘Ct, Tubing coefficient (2100 MDx0.15 ID m) 4,03E+04 Sm3/bar

‘Tubing Elevation coeff, S 0.155

CrL. lowtue. Template-PLEM (5000x0.355 ID m) 283405 Sm3/bar

Cb1 pipetne PLEM-Shore (138600x0.68 ID m) 2.756+05 Sm3/bar

Separator (shug catcher) pressure 30 bara

Number of wells 6

:Numbcr of templates 2

Qild pltens 2.00E+07 [SmA3/d]

:Field gas rate for abandonment 5.006406 [SmA3/d]
time qfield qtemp qwell Gp RF
[years] [SmA3/d] [Smr3/d]  [SmA3/d] [SmA3] [
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Table 1.1: Overview of simulation cases
Nuells -] Qg fietd IE°57]  t, [years] RF[-]  tlyears] Qg uweitmax [22-] NPV [USD]
1 10 39.66 0.528 41.46 2,568 4.88E°
4 20 18.44 0.528 21.80 5.0E5 7.81E?
1 30 11.43 0.528 15.65 7.5E° 9.41E°
4 40 7.97 0.528 12.668 1.OE? 1.04E°
6 10 40.64 0.535 41.794 1.67E° 4.89E°
6 20 19.36 0.535 21.525 3.33E5 7.86E7
6 30 12.29 0.535 14.915 5.0E° 9.49E°
6 40 B.78 0.535 11.765 6.67E° 1.05F10
9 10 41.315 0.539 41.978 1L.11E° 1.9E°
9 20 19.98 0.539  20.993 2.22 E5 7.89E7
9 30 12.89 0.539  14.408 3.33E° 9.55E°
9 40 9.368 0.539  11.13 4.44 E5 1.06E°
12 10 41.645 0.542 42.27 B.33E° 4.90E°
12 20 20.32 0.542  21.282 1.67E° 7.91E7
12 30 13.222 0.542  14.294 2.50E° 9.58 E°
12 40 9.67 0.541 10.82 3.33E° 1.06E™
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Plateau duration vs number of wells
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NPV vs plateau rate
1.20E+10

1.00E+10

8.00E+09
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NPV [$]
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2.00E+09

0.00E+00
0.0E+00 1.0E+07 2.0E+07 3.0E+07 4.0E+07 5.0E+07
q_plateau [SmA3/d]

Figure 1: Economic evaluation as a function of platean flow rates with 1E7 Sm3/d plateau rate

Table 1.1: Overview of simulation cases

Nuelts [-] 4g ieta [E°S0] tp [years] RF -] [vears] dguetimar 2] NPV [USD]
4 10 39.66 0.528 41.46 25E° 4.88E"
4 18.44 0.528 21.80 5.06% 7.81E°
4 30 11.43 0.528 15.65% 7.5E° 9.41E°
4 40 7.97 0.528 12.668 1.0E” 1.04E"™
6 10 40.64 0.535 41.794 1.67E° 4.89E7
56 19.36 0535 21.525  3.33E° 7.86E°
6 30 12.29 0.535 14.915 5.0E% 9.49E°
5 10 8.78 0.535  11.765  B.BTE Lo5E"?
EN 10 41.315 0.539 41.978 L11E° 19E°
9 19.98 0.539 20.993  2.22 F® 7.89E7
9 30 12.89 0.539  14.408 3.33E° 9.55E"
9 10 9.368 0.539 11.13 4.44 E8 1L.06E"
12 10 41.645 0.542  42.27 8.33E° 4.90E"
12 (Y 20.32 0.542  21.282 1.67E® 7.91E°
12 30 13.222 0.542  14.294 2.50F° 9.58F"
12 40 9.67 0.541 10.82 3.33E° 1.06E"
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PIV measurement in a radial flow stage

* Flow features in diffuser and impeller may
be identified from measurements

* Flow misalignment and recirculations
reduce efficiency

e 2 L >
=T BEP Flowrate

84% of BEP BEP flowrate

e T ma BT

i LIFT Example of stall region in diffuser passage (measured)
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Questions (8)

Hide answers

Q1:What is the relationship between plateau duration and plateau rate?

o They are independent of each other
This is a wrong answer

o The higher the plateau rate, longer the plateau
This is a wrong answer

e The higher the plateau rate, shorter the plateau
This is a correct answer

Q2:when producing in plateau mode, what is the effect of increasing the number of
wells?

e Plateau duration remains unchanged
This is a wrong answer

e Plateau duration is prolonged
This is a correct answer

e Plateau duration is shortened
This is a wrong answer

Q3:What is the reason why increasing the number of wells prolongs plateau
duration?

e The available pressure calculated from reservoir is higher
This is a correct answer

e The required pressure to flow against separator is lowered
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This is a wrong answer
e The production potential of the system increases

This is a correct answer

Q4:What is the production potential of a field?

The maximum rate the field can produce at a given time
This is a correct answer
¢ The rate calculated when all chokes are open
This is a wrong answer
e The flow equilibrium rate
This is a wrong answer
e The rate calculated when all pumps are at maximum speed

This is a wrong answer

Q5:Why is production potential (pp) a function of cumulative production (Qp)?

e lItis NOT a function of cumulative production
This is a wrong answer

e ppis a function of pR, and pR is a function of Qp
This is a correct answer

e The IPR depends on Qp only.
This is a correct answer

Q6:If the production potential vs cumulative production is linear, the decline is
exponential
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« FALSE
This is a wrong answer
« TRUE

This is a correct answer

Q7:For the following production potential curve, what is the plateau duration for 30
E06 Sm3/d

5.00E+07
4.50E+07
4.00E+07
3.50E+07
3.00E+07
2.50E+07
2.00E+07
1.50E+07
1.00E+07

5.00E+06

field production potential, gf,p [Sm3/d]

0.00E+00
0 SE+10 1E+11 1.5E+11 2E+11 2.5E+11 3E+11
Gp [Sm3]

e 15years

This is a wrong answer
e bSyears

This is a wrong answer
e J3years

This is a wrong answer
e 8years

This is a correct answer
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Q8:For two wells producing to a common line, rates g1=200E3 and gq2=1e6 are
feasible

1.2E+6

1.0E+6 -

800.0E+3 -

600.0E+3 -

400.0E+3 ~

Flow rate well 2, q,, [Sm3/d]

200.0E+3 -

000.0E+0 ; ———— T T
000.0E+0  200.0E+3  400.0E+3  600.0E+3  800.0E+3 1.0E+6 1.2E+6

Flow rate well 1, q,, [Sm3/d]

« TRUE
This is a wrong answer
e FALSE

This is a correct answer
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a&!.\ xR ProloL f Cxlrt-A JA)( .5

-
q_temp_L qwell_L Gp_L RFEL ZR_L pR_L pwfl pwhL p_temp_L APchokel q_temp_M q_well_M Gp_M REM  ZR.M  pR_M pwf_M pwh_M p_temp_M AP choke M qf qf/2  ptow
[Sm3/d] [Sm3/d] [Sm3] [-] [-] [bara] [bara] [bara] [bara] [bara] [Sm3/d] [Sm3/d] [Sm3] -1 -1 [bara] [bara] [bara] [bara] [bara] [Sm3/d] [Sm3/d] [bara]
6.70E+06 1.68E+06 0 000.0E+0 0.9568 240 216.5 169 69 100 3.30E+06  1.10E+06 0 000.0E+0 0.926377 210 184.9 153.5 69 84.6 1.00E+07 5.00E+06 68.83
6.70E+06 1.68E+06 2.20E+09 40.5E-3 0.9521 230.3 205.7 160 69 91 3.30E+06  1.10E+06 1.09E+09  62.2E-3 0.922228 196.9 170.0 140.6 69 718 1.00E+07 5.00E+06 68.83
6.70E+06 1.68E+06 4.40E+09 81.1E-3 0.9475 219.5 193.5 150 69 81 3.30E+06  1.10E+06 2.18E+09 124.5E-3 0.919078 183.0 153.7 126.6 69 57.8 1.00E+07 5.00E+06 68.83
6.70E+06 1.68E+06 6.59E+09 121.6E-3 0.9435 208.8 1813 140 69 71 3.30E+06  1.10E+06 3.27E+09  186.7E-3 0.917312 1695 137.2 112.4 69 43.5 1.00E+07 5.00E+06 68.83
6.70E+06 1.68E+06 B8.79E+09 162.2E-3 0.9403 198.3 169.1 129 69 60 3.30E+06  1.10E+06 4.36E+09  248.9E-3 0.916882 156.2 1204 97.8 69 29.0 1.00E+07 5.00E+06 68.83
6.70E+06 1.68E+06 1.10E+10 202.7E-3 0.9377 188.0 157.0 119 69 50 3.30E+06  1.10E+06 5.45E+09 311.1E-3 0.917723 1432 103.0 82.5 69 13.6 1.00E+07 5.00E+06 68.83
6.70E+06 1.68E+06 1.32E+10 243.3E-3 0.9358 178.0 14438 108 69 40 3.17E+06  1.06E+06 6.53E+09 373.4E-3 0.919776 130.4 87.0 68.7 69 0.0 9.87E+06  4.94E+06 68.62
6.70E+06 1.68E+06 1.54E+10 283.8£-3 0.9345 168.1 1324 98 68 30 2.49E+06  8.30E+05 7.58E+09  433.2E-3 0.922839 1182 83.7 67.6 68 0.0 9.19e+06  4.60E+06 67.54
6.70E+06 1.68E+06 1.76E+10 324.4E-3 0.9338 1584 119.9 86 67 19 1.97E+06  6.56E+05 8.40E+09  480.2E-3 0.925939 108.7 81.5 66.8 67 0.0 8.67E+06 4.33E+06 66.75
6.70E+06 1.68E+06 1.98E+10 364.9E-3 0.9337 148.8 106.8 74 66 8 1.56E+06  5.19E+05 9.05E+09 517.3E-3 0.928814 101.3 80.0 66.2 66 0.0 8.26E+06  4.13E+06 66.15
AQE+06 | 1.60E+06 2.20E+10 405.5E-3 0.9342 139.2 96.3 66 65 0 1.26E+06  4.19E+05 9.57E+09  546.7E-3 0.931352  95.5 78.4 65.3 65 0.0 7.66E+06  3.83E+06 65.32
5.62E+06 1.40E+06 2.41E+10 444.2E-3 0.9352 130.2 91.5 64 64 0 1.05E+06  3.48E+05 9.98E+09 570.3E-3 0.933567  90.7 76.7 64.0 64 -0.1 6.66E+06  3.33E+06 64.07
4.92E+06 1.23E+06 2.59E+10 478.2E-3 0.9365 122.4 87.7 63 63 0 B.64E+05  2.BBE+05 1.03E+#10  590.0E-3 0.935527 86.8 75.3 63.1 63 0.0 5.78E+06  2.B9E+06 63.09
4.31E+08 1.08E+06 2.75E+10 508.0E-3 0.9379 1156 84.3 62 62 0 7.09E+05  2.36E+05 1.06E+10 606.3E-3 0.937225  83.5 743 62.3 62 0.0 5.02E+06  2.51E+06 62.34
3.77E+06 9.42E+05 2.89E+10 534.0E-3 0.9394 109.6 82.4 62 62 0 5.76E+05 1.92E+05 1.08E+10 619.7E-3 0.938669  80.8 73.6 61.8 62 0.0 4.35E+06  2.17E+06 61.76
3.30E+06 8.24E+05 3.02E+10 556.8E-3 0.9409 104.4 80.5 61 61 0 4.63E+05  1.54E+05 1.10E+10 630.6E-3 0.939877 78.6 73.0 61.4 61 0.0 3.76E+06 1.8BE+06 61.33
2.88E+06 7.20E+05 3.13E+10 576.8E-3 0.9423 99.9 79.0 61 61 0 3.67E+05 1.22E+05 1.12E+10 639.3E-3 0.940869 76.8 72.6 61.1 61 01 3.25E+06  1.62E+06 60.99
2.51E+06 6.27E+05 3.22E+10 594.2E-3 0.9436 95.9 77.8 61 61 0 2.88E+05 9.61E+04 1.13E+10 646.2E-3 0.941671  75.5 72.3 60.8 6l 0.1 2.80E+06  1.40E+06 60.74
2.18E+06 5.44E+05 3.30E+10 609.4E-3 0.9448 92.4 76.9 61 61 0 2.25E+05  7.50E+04 1.14E+10 651.7E-3 0.942308 74.4 72.0 60.6 61 0.1 2.40E+06  1.20E+06 60.54
1.88E+06 4.70E+05 3.37E+10 622.6E-3 0.946 894 76.2 60 60 0 1.78E+05  5.92E+04 1.15E+#10  655.9E-3 0.94281 73.5 717 60.4 60 0.0 2.06E+06  1.03E+06 60.4
1.61E+06 4.03E+05 3.44E+10 B34.0E-3 0947 86.9 75.7 60 60 0 1.48E+05 4.93E+04 1.15E+10 659.3E-3 0.94321 72.8 714 60.1 60 -0.2 1.76E+06  8.80E+05 60.29
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Function Rich_err::l_visclrr:m, MW, alphaw, expo, expw, alphaw_cutoff)

If alphaw > alphaw cutoff Then

Rich emu] visc = muw * Exp(expw * (1 - alphaw))

Elae
Rich emu] vise = m Exp(expo * (alphaw))
End If

End Function
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wethod L %WLI‘(’)/‘:‘UM Meroving 0P
Wells PR ||J!'u'°l;"::"£ |.1 h2 di 92 |Pumpnome| o |
-I haﬂ;'h Swﬂfﬁ’d’haru - 360 ml'_!bU rr‘u'u mUI.L Centrll;ks?ﬁ - 78
Water Ol
Fluid Density 1025 89T [kg/m~3]
Richardson Emul. exp. 12 3215 1
Viscosity 1.00E-03 01 [Pas]
. cut off 0&0
Roughness
Iflhingand o
I;:l::le point pressure [bara] = ll\g [:ara] Required pressure at purnp intake 36 Mechanic efficiency 0.95
Max pump power [hp] 550
Date PR _we— | density | viscosity | G Pt _—T | G SN Pus Pane A Pun __|Pump power| Hydraulic Effic
[years] Iwn’/ 11 ka/m*3 Pas Sm*3id i Sm*ld Sm*ld \aﬁ b_a/ bara ‘bum [hp] [%]
1.7} T
X 7
250 T
\'\aw 'ea Uno~ T_} &, {w\F CvurI‘-J Z ) &‘ML\ b ?J_‘L
o edw, >/ ?b
[o) k\l- OBIR{\ML roi‘v\'l- \SL\ou[J L.l(, on '(l-{.
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—&V'\a on T‘V‘ L\br)lui.l‘c e—Hw‘c.\e,.o
L {‘fo-v\ ’\9 (o'k\h)
Aoy A (o i

7
£, fref, N, den, visc, Q BEP fref, a5, a4,
— —_— = =

v of the pump [in %]

'as, a4, a3,

'pS, b4, b3,

Q BEP = Q BEP fref * f / fref

H_BEP = pumphead(Q BEP, £, N, fref, a5, a4, a3, a2, al)

B = Bparameter(den, visc, H_BEP, Q BEP, f)

If B <= 1 Then
pumpeffic_visc = ((a5 *

ElseIf B > 1 And B < 40 Then
Ceffic = B ~ (-0.0547 *
cQ=2.71 ~ (-0.165 *
QW =20/cCQ
pumpeffic visc = Ceffic *

ElseIf B >= 40 Then
pumpeffic visc = "ERROR, too viscous flow"

End If

((Q * fref / £) ~ 4)) + (at *

(B ~ 0.69))
(LoglO(B) ~ 3.15))

((bS * ((QW * fref / £f) "~ 4)) + (b4 *

End Function
End Function

Py

((Q * fref / £) ~ 3)) + (a3 *

((QW * fref / f)

Page 73

N=77 Q—M‘P =18,

a3, a2, al, bs, b4, b3, b2, bl)

if the folloWing arguments are provided:

~ 3)) + (b3 *

O]

ne ESP stage with

ESP stage

((Q * fref / £) ~ 2)) + (a2 *

((QW * fref / £) ~ 2)) + (b2 *

Prof. Milan Stanko (NTNU)

(@ * fref / £)) + al)

L/

(5“.) )

[MPMJ ron

=)

(QW * fref / £f))
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Produced by |. Aartun, NTNU 2002. Based on the program Allprops,
Center for Applied Thermodynamic Studies. University of Idaho.
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Function gmax visc(¥, fref, den, visc, Q BEP fref, aS, a4, a3, a2, al, qmax_fref, f, fref)

Function qmin visc(N, fref, den, visc, Q BEP fref, a5, a4, a3, a2, al, qmin fref, f, fref)
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Function Bg (T, p, Z)
Bg = 1.01325 = Z = (T + 273.15) / (288.15 = p)
End Function
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Process Modules- Sizes and Dry Weights

~ Compressor
Weight: 289 tons
Size: 11 x9x10m

Discharge Cooler
Weight: 107 tons
Size:9x7x5m

":‘-/7

Inlet Cooler Scrubber Pump
Weight: 235 tons Weight: 210 ton Weight: 45 tons
Size:15x10x7m Size:8x8x12m Size:5x5x6m

Compregior 53 MAN
Caw\PMJ.\lb\ &H‘MA LU Aver Soba'l\,ood

Production profile (20,8mill. Sm3/sd — 6,7 GSm?/ar)
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Class Exercise

Problem 1: Estimation of porosity probability distribution from exploration drilling
data.

Exxon mobil has collected 2287 core samples from six cored wells in the Ben Nevis reservoir
of the Hebron development. Porosity has been measured for all samples (see the results in the
attached excel file). Using this data, calculate the probability distribution function of porosity
in the reservoir.

Problem 2: Probabilistic estimation of Original oil in place of the Kobbe Formation

The company ENI has found a reservoir in the Barents sea, Kobbe, 50 km south of the
Snghvit field and 80 km from the LNG plant of Snghvit in Hammerfest (Melkgya). The water
depth in the area is 360 — 420 metres and, luckily, is an ice-free area. The company is
evaluating to produce it and baptized the field: Goliat.

fSI"E ZL:"E 22.“E 24.“E Zél"E

TN l

T 4

| ¥y
TI*N
/J/
L~ {
. // ar iy M .h- “

The reservoir contains oil with a thin overlying gas cap and it lies approximately 1800 meters
beneath the seabed. The static reservoir pressure is 190 bar.

As part of the early development studies and as required by the Norwegian authorities, your
first task is to perform a probabilistic estimation of the total recoverable reserves and the
original oil in place of the Kobbe reservoir. The subsurface group has provided (in the excel
sheet attached) information on the factors needed to calculate hydrocarbon pore volume: rock
volume, net to gross, oil saturation, porosity (all based on a triangular probability
distribution). The oil formation volume factor is represented by a uniform distribution.

Assumptions and extra information:

Use the following equation to calculate Initial oil in place (N):
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VR'§0'So'(NTG)
B

(0]
All the input information given is uncertain and reported as a uniform or triangular distribution
(min, max or Min, Mode, Max). The details of the distributions have been given in class.

N =

Tasks:
-Perform a Monte Carlo Simulation Study (using 500 and 5000 simulations) to obtain the
expected value of the Total Recoverable Oil Reserves and the initial oil in place. Report the
outcome as:

e Expected value (Mean or Average)

e Most probable value (mode)

e Median (P50), P10, P90

e Expectation curve for the Total Recoverable Oil Reserves (Plot of Cumulative

Probability) and the initial oil in place
e Compare the results when using 500 and 5000 simulations
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TPGA4151 - Subsurface Decision Analysis

Absut | Timetable  Examination

Examination arrangement

Grade: Letters
Work | 3w | |
Written examination B/100 4 hours 1]
Course content
Everyone makes decisions. but fy they do it Yet. psy shows that we
are prone to many different errors of thought that degrade cur decision making abdity, In this course we will
discuss the principles. the theary of king under
W will develop  language. set of theories, and tools to transform complex decisions into ones where the course of
action is ciear. The follows the typical chain of that attends mast and

projecis. ppicable and from

redatively small investments. such as whether or not to core a well, to major field development or exploration

Prof. Milan Stanko (NTNU)

Autuamn 20185pring 2013 '

More on the course #

NO

Facts. #

Version: 1
Credits 7.55P

Study level: Second degree level

Term nou 1

Teaching semester; AUTUMN 2018
No.of lecture hours: 4

Labhours: &
Nouof spacialization hours: 4

Language of instruction: Englsh

Location: Trondheim
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cementing pumps, storage deck for drill pipes and tubulars, drilling risers.
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RESOLUCAO CONJUNTA ANP/INMETRO N2 1, DE 10.6.2013 - DOU 12.6.2013 -
RETIFICADA DOU 17.6.2013
, 0 day lafw 1iErial

7.2.7.1. Nos casos em que os resultados dos lesies o
apropriacio da produgio aos pogos, gdda pogo em produgéo deve ser testado com um intervalo entre
tesles sucessives nao superior a noventa/dias, ou sempre que houver mudangas nas condigbes usuais de

operacao ou quando forem deteciadas variagoes na produgao.

7.2.7.2. Quando os resullados dos testes de pogos forem utilizados para apropriagho da produgao a

um campo, om casos de medigao fiscal compartiihada, cada pogo em produgao deve ser testado em
= dias, ou sempre que houver Mudancas nas condighes usuais de

intervalos nao superiores a quarenia e doi

operagac ou quando forem aria s
7.2.7.4. Davam ser uliliza Sapal es s ou_tanques de lestes nos tgsles de 5. Oulros
SYGs, utilizande novas tecnologias, devem ser previamente aprovados pola ANP.

métodos de te:

httn://www_ann_aov briwwwann/?dw=66648 . 2 5
M vy ‘{‘tJT MFMJO” or LCJ ‘{an D(w‘ wu, {‘ﬁ*\\:j
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http://www.npd.no/Global/Engelsk/5-Rules-and-regulations/NPD-

REGULATIONS RELATING TO MEASUREMENT OF PETROLEUM

FOR FISCAL PURPOSES AND FOR CALCULATION OF CO,-TAX
(THE MEASUREMENT REGULATIONS)

SM M
Mulriphase measurgment / ’\6 e
bRt 2 e g ey

M

possible for financial reasons. The multiphase meter can then be used as a fiscal meter.

The following elements shall be satisfactorily documented to allow use of a concept based on multiphase
measurement, ¢f, Chapter V1l and Section 18:

T -
gsurement may if traditional single phase measuremgnt of hydrocarbons is not E”ﬁ

The operator shall present a concept to the Norwegian Petroleum Directorate for comments and
formal processing well before submitting the Plan for Development and Operation (PD(O). An
estimate of the expected measurement uncertainty shall be presented, combined with financial
figures for the risk of loss between production licenses (¢f. NORSOK 1-105), Annex C).

The main principles of the operations and mai ¢ philosophy shall be described.
Possibility to calibrate meters against test separator or other reference.

Redundancy in sensors and robustness in the design of the measurement concept

Relevant PVT (equation of state) model and rep i pling opy ity to be able to
perform a sound PVT calculation

Design of inlet pipes to ensure similar conditions if multiple meters are used in parallel.
Flexibility in the system for handling varying GVF (gas volume fraction)

The planned method for condition monitoring and/or planned calibration mterval shall be
described.

The planned method and interval for sampling and updating PYT data shall be described.

When the multiphase meters are part of the fiscal measurement system, they shall be treated as other fiscal
measurement equipment and the administrative requirements which apply pursuant to these Regulations
shall therefore be fulfilled
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Water depth [m]

PROBLEM 3: Routing configuration of subsea wells in the troll field.

The Troll field has 5 subsea wells (grouped in two templates, 3 wells in Template A and 2
wells in Template B) that have the possibility to flow to separator 1 or separator 2 on the

platform.

Make a sketch of the system considering the following:
o There are only two flowlines to the platform from both templates. The x-over valve for

pigging 1s located in template B.

¢ There are 4 flowlines to the platform (2 from each template). Both templates have x-

over valves for pigging,

Includs routing valves and specify what is located on the template, and what is located

fopside.

Separaror | and 2 have maxinwm capacities of water handling and gas handling (provided in
the excel file attached). The current routing of wells 1s bottlenecking the separators thus

requiring that production of some wells is choked.

Your task is to determine all possible routing combinations for the 3 wells and compute the
fotal gas production rate and water production rate in both separators. Propose a routing
strategy that allows honorig the separator constraints and provides a similar oil production

through both separators.
_ rqui Dot SEparaior,
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Tabell Klassifisering av kjemikaller | henhold til OSPAR

Svart kategori: Stoffer som er lite nedbrytbare og samtidig viser heyt potensial for bicakkumulering ogleller

er svaart akutt giftige. | utgangspunktet ar det ikke er lov & slippe ut kjemikalier | svart kategori. Tillatelse til

bruk og utslipp til spesifikke kjemikaller gis dersom det er nedvendig av sikkerhet: Ige og teknis
grunner.

Roed kategori: Staffer som brytes sakte ned | det marine miljoet, og viser potensiale for bioakkumulering
og/eller er akutt giftige. Kjemikaller | red kategorl kan vasre miljefarlige og skal derfor pricriteres for
utskifting med mindre mijefarlige alternativer. Tillatelse til bruk og utslipp gis kun av sikkerhetsmessige og
tekniske hensyn.

Gul kategorl: Kjemikaller | gul kategorl omfatter stoffer som ut ifra Iboende egenskaper lkke defineres |
svart eller rod kategori og som ikke er oppfort pad PLOMOR-listen (se under). Ren gul kategori er
ucrganiske kjemikaller med lav giftighet eller kjemikaller som brytes ned =&0% Innen 28 dager, Gul-Y1 er
20-60% nedbrutt og forventes & brytes ned fullstendig over tid. Gul-Y2 er moderat nedbrytbare til ikke
giftige og Ikke-nedbrytbare kemponenter. Y2 skal forsokes substituert pa lik linje med rade kjemikalier.

Grenn kategori: Stoffer som er oppfert pa OSPAR-konvensjenens PLONOR-liste (Substances used and
discharged offshore which are considered to Pose Little Or No Risk to the Environment). Disse
klemikallene vurderes & ha ingen eller svasrt liten negativ miljeeffekt. Kjemlikaller | grenn kategorl emfatter

©ogsa vann som inngar i kjemikaliene.
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Note Title 28.03.2019
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Subsea manifold and dead-leg geometry

Dead-legs are inherently present
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Available pressure at towhead - template L
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Figure 7 - The operational envelope of the ESP after 7.5 years
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http://www.ipt.ntnu.no/~stanko/Resources.html

-Flash-Pack, an utility based on DWSIM to estimate fluid properties, generate compositions to match measured Gas oil
ratios and generate black oil tables. Link

-Black-Oil Gen, a MS Excel utility to estimate Black Oil properties and generate tables using correlations. Link_
-Multiphase calculator, a MS Excel utility to estimate multiphase flow (liquid-gas) pressure drop and flow patterﬂ

Estimatine well IPR with test data

The Prudhoe bay field is a large oil field on Alaska’s North Slope. The field has been
roducing since 1977 and it is currently producing around half a million barrels per day.

Prudhoe Bay
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The field has 1330 wells, from which 591 are naturally flowing. The wells shut-in pressure is
166 bara (corresponding to a reservoir pressure of 400 bara). The wells are arranged in
production modules that provide protection and insulation to the Christmas trees from the
harsh artic environment. The various modules are connected through flowlines to the main
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