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= You are an oil and gas company and you have
found a big gas field with too much CO2
content

= You will not be allowed to emit any of the

excess CO2
= Your challenge is to make the field
economically viable







08:45-10:00 Exploration drilling (task 1)
Find the hidden potential

10:30-12:00 Appraisal (task 2)

Make it commercially viable

13:30-15:00 Drainage and injection plan (task 3)
Get it out and get it in. Enhanced Oil Recovery
15:30-16:30 Facilities plan (task 4)

Define capacities. External sources

16:30-16:45 Debriefing




= Examine your license block closer

= Find potential carbon storage reservoirs

= Are there any additional oil or gas reservoirs?
= Procedure

= Examine 3D seismic images
= Drill one exploration well into each structure
= Complete worksheet 1




= Block overview

Discovered Prospects

Prospect Layer Area  Thickness Quality Volume CO,
Range Range(m) Range

[km2) (0-10 smaunt

11.8-
13.4

Alcatraz Island

Discovered CCS Prospects

Prospect Layer Area Ratz Range Valume
Range ) (o-10 Range (Mt)
(km2) cale)

Antigua -372 16-260

Calculation of Licence Walus

Below you can see the calculation of the value of the licence when i
developed. Vour share of the value is put on baok.

Oil and Gas
Total proven volume:
Total amount of CO5:
Qil Price: £50 per barrel
Production Tax Rate: £6 per barrel
Mumber of reservairs: 1 reservoirs

very Factar: 25%

D seismic

Images

rilling quide

/ Drlllm Gulde Llcem:e. 550

Select th" rig thnt you a~-nnt to use for drilling.




0ilSim CCS Worksheet 1

Team number:

Taam namea: License black number:

List the prospects/reservoirs in your license block

Prospect name Type COy content Proven volume Passible wolume Exploration
oil, gas, carbon storage e MBOE ar Nt MBOE ar Mt wells




Prospect Layer Area Thickness Quality Volume CO,

Overview of all
discovered
reservoirs

ot 2 1% 229380 s2s Al information

12.4

Discoverad CCS Prospects

Prospect Layer &rea Thickness Rate Range “olume n e e d e d t O
(O-10

Range Range [m)
[km2] scale)

Antigua 4.2-16 86-372 0.38-1.17 16-260 CO m p | Ete
Calculation of Licence Value WO rkS h e Et 1 | S h ere

Below you can see the calculation of the walue of the licence when it is
developed. Your share of the value is put an book.

Range [Mt]

Oil and Gas
Tetal proven volume: 585 MBOE
Total amount of CO4: 26 Mt
Oil Price: £50 per barrel
Production Tax Rate: %6 per barrel
Mumber of reservoirs: 1 reservoirs

Recowery Factor:




The CO, content in the gas field(s) is higher than the threshold accepted by
the customers. Gas fields that have more than 5% CO, content are considered

Sales value:

Production Tax:
I!ZZC!I2 Tax:

Crrilling and Well Opex:

Crilling and Well Capex:

Facilities Opex:
Facilities Capex:

Total expenses:

Value of license:

Partners
Team
team 1 [operator)

MNicedil

unusable.

Mo-Threshold
$4,704,067,205

£515,296,075
£1,084 582,222
£512,966,333
£585,000,226
£170,988,798
%£1,000,000,000
$3,068,034,826

$326,032,469

with threshold

£512,966,393
£685,000,226
£170,988,798
£1,000,000,000
$2,368,955.417

$-2,368,955,417
50

The wells in this licence block are tight. This means that very limited
informatien is available to companies that do not own a share in the licence. To
get more infermation, you need to farm-in.

30 seismic

Block 550 - Eocene
£400,000

Block 550 - Paleccene
600,000

Block 550 - Cretaceous
£1,000,000

= Calculation of license
value

= There are
columns:

= First one

two

assumes that

the high CO2 content

would be

= Second s
value wit

accepted

nows the
na 5% CO2

thresholc




30 seismic
Block 550 - Eocene

31D seismar =anrey of i haghess geslkgiesl Tayess i = Bk View u 3 D I nte rp rEtat I O n S Of

Block 550 - Paleocens
20 seismic survey of the middle gealegical layers in a block

Egckefﬁr:.ﬁf:ﬁﬁhe lowest geological layers in 2 block '“ : S e I S m I C S U rveys Of

Block Depth

S the block
= Seabed depth

= Hover the mouse over
to see depth




= Shows one of three

geological horizons
= Prospect structures
= Exploration wells

drilled - with colour
coding depending on
result




Layer 3 Eocene

Layer 2 Paleocene

Layer 1 Cretaceous







Guide - Licence: 550

ADD DD DD DT

This is the result of your drilling, if you have found ail

Drrilling Result
Appraisal well successful

You have drilled into a gas reservoir
You hawve drilled into a potential carbon storage reservaoir

Estimated cost for drilling $16,200,000
Drilling cost £9,000,000
Knowlege Points: O of 10

Prospect| Antigua,

: Injection rate
Mh-’!,-earl 0.5 To

Do you want to make tests to better assess the carbon storage potential?
Albatross Island, Paleocens

rea Range (km
1.8 To 132.8

hicknes= Range (m):
20 To 269

CQuality Range (0-10

15




[Irlllm Guu:le - LIEEI'IEE 550

Tl'ls s the r-::ult- our -:Ir|II|r|-:| if vou hawve found ai

Estimated cost for ng 16,200,000
Drilling cost £5,000,000
Knowlege Points: 0 of 10

= Antigua, Ec

an rate

5Te [ Jos

CO2 Volume [Mt):
46,94 T .61

Do you want to make tests to better assess the carbon sterage potential?

oss Island, Pal

1.8To 13.8

Thickness Range [m):
80 To 2693

Quality Range [0-10
scale): 1.5 To 9

“olume Range
(MBOE): 9 To 1858

o

Prospe

This prospect was dry, no need to examine it further




Drilling Guide - Licence: 550

DL

Thiz is the final result of the drilling operation. If you w

You have drilled into a potential carbon storage reservoir

Testing cost: £2,600,000

Prospect: Antigua, Ec

CO2 Injection rate
(Mb/year]): 0.67 To
1.05

CO2 Volume [Mt):
IFST

Prospect: £bels, Cretaceous

This prospect was dry, no need to examine it further

Prospect: Albatross Island, Pal

Area Range [km2):
3.3 To 11.9

Thickness Range [m):
149 To 354

Quali



Layer Area  Thickness Quality “elume CO,
Range Range (m} Range Range
[lkm2) (0-10 [MBOE)

scale)

amount

Alb Island 2 =5 149-354 2.8-8.3 =8

Jbatross Islan “ 11.9 S-3o P = = P 1417
- 11.9- ___ . - 685-
Alcatraz Island 2 13.4 229-260 6.2-7 e

Ebels 1 Mo trap over prospect (dry prospect)

Discovered CCS Prospects
Prospect Layer Area Thickness Rate Range Wolume
Range Range [m) (0-10 Range [Mt]
(km2) scale}

10.7-16 166-324

| Antigua 2 0.67-1.05 78-226

o% 5

= Now it includes the
new reservoirs and
updated numbers
for the reservoirs

that we have drilled
appraisal wells into




Production Tax:

o 3 Tax:

Drilling and Well Opex:
Crilling and Well Capex:

Facilities Opex:
Facilities Capex:

Total expenses:

“alue of license:

Oil and Gas
741 MBOE
37 Mt

£50 perbarrel

£6 per barrel

reservoirs

10%

with threshold
$2,774,510,745

£332,941,289
£0
£554,302,985
£741,001,116
£184,967 662
£1,000,000,000
$2,813,813,052

%-30,302,307
50

= Notice that the CO2
amount that the
Antigua structure
can hold is higher
than the total
amount in the two
gas reservoirs
Thus we are past the
threshold and do not
need to pay any CO2
tax




= Block overview

Discovered Prospects

Prospect Layer Area  Thickness Quality Volume CO,
Range Range(m) Range

[km2) (0-10 smaunt

11.8-
13.4

Alcatraz Island

Discovered CCS Prospects

Prospect Layer Area Ratz Range Valume
Range ) (o-10 Range (Mt)
(km2) cale)

Antigua -372 16-260

Calculation of Licence Walus

Below you can see the calculation of the value of the licence when i
developed. Vour share of the value is put on baok.

Oil and Gas
Total proven volume:
Total amount of CO5:
Qil Price: £50 per barrel
Production Tax Rate: £6 per barrel
Mumber of reservairs: 1 reservoirs

very Factar: 25%

D seismic

Images

rilling quide

/ Drlllm Gulde Llcem:e. 550

Select th" rig thnt you a~-nnt to use for drilling.




= Drill into all structures in your block
= Complete worksheet 1




= For the oil reservoir, each of the two gas
reservoirs, and the carbon storage reservoir,
drill enough appraisal wells so that the
proven volume is at least half of the possible

volume
Procedure

= Use the same tools as in challenge 1 to drill
appraisal wells

= Complete worksheet 2




Prospect Layer Area  Thickness Quality Volume CO5
Range Range [m) Range Range
(km2) (0-10 (MBOE)
scale)

amaount

Albatross Island : 225-220 4.9-7.8 g?g_ 5% Gas

Alcatraz Island 299-260 6.2-7 g:g' =Eaﬁ

Ebela No trap over prospect [dry prospect)

Discovered CCS Prospects

Prospect Layer Area Thickness Rate Range Yolume
Range Range (m) (0-10 Range [Mt)
(km2) scale)

Antigua 13.5-16 221-290 0.81-1 130-203




= For Albatross Island
Proven: 268 MBOE
Possible: 976 MBOE
Ratio: 27%

= Get the ratio over 50% for all reservoirs




= Complete the
calculation of the
value of the license
= As seen before the

field development
planning has
started




= You have discovered all the reservoirs in your
license block

= Gas, Oil, Carbon storage
= You have found a preliminary solution to your

CO2 challenge, and it is commercially viable




= Make optimal drainage/injection plans for all
reservoirs

= Include increased oil recovery with CO2 injection
and injection plan for CO2 storage reservoirs

= Procedure

= Study completion surveys and expected
production profile

= Experiment with different well plans and examine
resulting reservoir values

= Complete worksheet 3




= Completion surveys

Production profile

Reservolr overview

Reservoir information

Well plan




~or each reservoir
ist four possible well
plans and the
corresponding

reservoir value

= Choose one for each
and add up

= Subtract facilities
capex and opex to
get license value




N 28 veim:




Reservoir Information

Mame: Angoche Island
Rezervair Type: Gas
Proven volume: SS9MBOE

Porosity: 19,44%
Permeability: 19°

Mizcosity: O,.019Pa=

Feszervair Pressure: 15750kPa




Available Surveys

Expected Production Profile - Albatross Island View Cretaceous

This is a survey of the expected production profile for this = £500,000
prospect.




Completion survey - Alcatraz Island
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This shows the
expected
production in

bbl/d with

different well
tubing sizes




= This shows the
T average
||||I||" production in
each of the next

25 years with 25%
recovery factor
mbbl/d =

1000 BOE per day




= Choose
orp—— number and
size of wells
to drill in each

Tubing size 171/4 -

reservolr

Plan Wells
% Plan the wells for the current reservoir.

Production wells [
Tubing size

COZ injection wells [

Tubing size




= When you
have made
the well
plan, the

wells for
that
reservolr
can be
seen in the
overview




Reservoir Information
ame: Albatross Island o Whe n you have
eservoir Type: Gas

N
H. =3 v
Prowven
p
p

e chosen a well plan
the reservoirinfo is
updated

= Recovery factor
updated

= Detailed
calculation of
reservoir value




Sales value

- Taxes

- Drilling and Well Capex
- Drilling and Well Opex

= Reservoir value

License value =
= Sum (Reservoir values)
= - Facilities capex and opex




= The CO2 rate
shows how much
carbon will be
injected per year

with the current
well plan

Measured in million
tonnes per year
(Mt/year)




o Reservoir Li file -
]
s ' = Clickon the
Due to hurricane activity the maximum
number of drilling days for this bleck is

Show all wells
link to see all

planned wells

in all reservoirs




_— —_—

= Use the expected production profile and
completion graphs as starting points

= Beware to have tubing sizes narrow enough so
that the reservoirs are not destroyed

Experiment with different number of wells
and different tubing sizes to find

= The highest license value for each oil or gas
reservoir

= The least number of wells for each carbon storage
reservoir needed to store the captured CO2




= Remember to make well plans for all
reservoirs

= The license value calculation in the block tab
is NOT updated before the deadline

= |f you choose too wide tubing sizes, the value
of that reservoir will be zero




= Completion surveys

Production profile

Reservolr overview

Reservoir information

Well plan




Crrilling and Well Capex:
Crilling and Well Opex:

Facilities Capex:

58,345,227,937

£1,001,427,352

1 0%
£3,088,000,000
£734,877,160
£1,200,000,000
£898,625,962

$6,022,031.474

$1,422,706,463

Your recovery factor
has gone up
Increased sales
value, increased
taxes

Adjusted drilling and
well capex and opex
Graph shows
changes in net
present value




Drainage Plan Evaluation |
From: System, Sent: 24 September 14:11:50 k-

The solution that your team has submitted the result for the licence value is displayed in the bleck page for the individual blocks and
the result for the knowledge points awarded are below,

Knowledge point acquired for your solution:

Optimal number of wells: 26/ 25 KP
Tube Size: 25/ S0 KP

Total: 51/ 100 KP

Reszervoir: Albatross I=land

Cptimal Tube Size: 5 12" - Your choice was: 5 1,/2"

Cptimal Mumber of Wells: 29 - Your choice was: 56

Cptimal Value: $1,839,600,516 - Your choice was: $1,240,793,055

Reservoir: Alcatraz Island

Cptimal Tube Size: 5 1/2" - Your choice was: 4 1/2"

Cptimal Number of Wells: 52 - Your choice was: 100

Cptimal Value: $3,469,061,602 - Your choice was: $2,280,130,370

Team Credibility points
team 1 = |

= You can update your well plan according to
this, but do it before the facilities plan




= Choose production platform and plan the
necessary capacities and connections
= CO2 separation and compression capacities
= Connect to external CO2 sources

= Procedure

= Study the detailed production profile and the
environmental surveys

= Examine oil and gas terminals and potential
onshore sources of CO2

= Choose platform type, capacities, connections

= Complete worksheet 4




Onshore facilities to
connect to

Environmental maps
Detailed production

orofile

Platform parameters
Pipeline and flowline
capacities

Platform capacities
and connections




= Specify capacities
chosen and calculate
facilities costs




= Gas terminals

= To receive any gas
= Oil storage

= Toreceive any ol
and condensate

= Power plants
= Need to store CO2
and are willing to

pay




= Each planthasa
yearly production
and is offering you
a premium to

oy e store their CO2

CO2 is distributed
evenly between
all teams that
connect to a given
plant




= Three risk groups

1-3 Low
4-7 Medium
8-10 High

sl &1z
- .HHHH.H.ﬁH.H -
- H.H.ﬁﬁ. -




1-3 Low
-7 Medium
8-10 High

-
ki
[




1 - Land
Wz -Low

2-3 Low
4-5 Medium
6-7 High




Jack-up
Semi-submersible
FPSO

Spar

Tension Leg

Steel Jacket

Compliant Tower

Gravity-based

medium
medium
medium
high
medium
low
high

medium

low
high
high
medium
medium
low

medium

high

Medium
Medium
Medium
High
Medium
high
high

high




= If you choose a platform that is not suitable for the water
depth, there will be no production
= The discount rate is an expression of the risk in the project

= The base discount rate is 10%
= The environmental risk groups are compared to the rig's
capabilities, and adjustments are made to the financial

discount rate. For each of the 3 environmental maps:

Low rig capability

Medium rig
capability

High rig capability




= Determine the
maximum
production for
each

component
(oil, gas,
condensate,
water)




Clio

Clytia

Cronus

Fipeline

MName

125mm

137 ,.5mm

173mm

241mm

(8" 334,375mm

Catalogue

Size Size

177.8mm

193.67 5mm

fg" 339.725mm

S14.4mm

1000mm

1250mm

1500mm

100" 2500mm

= Click on Transport
Information
* Flowline = connection

5,438 bbl/d

from wellhead to

10,492 bbl/d

platform
= Pipeline = connection

5,586 bbl/d

from platform to

10,673 bbl/d .
onshore terminal
31,416 bbl/d

39,270 bbl/d

47,124 bbl/d

78,540 bbl/d




2. Bid for Licenses




Parameters

= 'I:h=:| :|n='|:rth in mF'tFr 2400 m
0 500 mbbl/d

MEDIUM
HIGH
HIGH
£100,000,000
450,000,000
150 mbbl/d
100 mbbl/d
500 mbbl/d
100 mbbl/d

= Each platform type has a maximum water
depth, a risk profile, and maximum capacities
for separation and compression




e vesmen copactysrgoo e L 8 = Capacities are

T measured in 1000
bbl/d and 1000 t/d
Diameters are In
inches

Gas compression capacity($5,000 bbl/d)

v = te
Far® S ——
T ok Mo.: 606 Ll -

i eter
sz | Oil storage facility . -
: ick the
Approximate Capital Expenses: § 474,482, 33¢
¢ 2 730

Approximate l]per'atiTaI E:":D_EPE'EE': $ 53,729,29 C h e C k b Oxe S fo r

Cancel 3

each onshore
facility that you
want to connect to




Facilities Plan




Facilities Flan




Facilities Plan

ine Length: 1
vline Length: 14




= Green means that
the fluid or gas is
flowing as it should

= Yellow means that

there are limitations
to the flow

= Red means that the
flow is practically
stopped




= See full
infrastructure for
all teams in the
Map tab




= Choose platform type, capacities, connections
= Complete worksheet 4




Credibility Points
Adjusted license value

To what extent did it
make sense to connect to
external sources?

Were the pipeline costs
prohibitive?

otali 83/ 100 KP

Team

team 1

I value, FH

214224

Credibility points




What were the two main sources of CO, in
the OilSim exercise?

Why did it make sense to store the CO,?
What do you think are the real-life challenges

in capturing the CO, in these cases?

What were the two main CO, storage options
in the OilSim exercise?

What are the economical limits when storing
CO.?

What real-life challenges do you envisage
when storing CO, in these cases?




Carbon sources
= Associated CO2 in natural gas

= CO2 from power plants and other sources
Carbon storage options

= Dry but tight reservoirs
= Enhanced Oil Recovery

CO2 tax and CO2 thresholds
Other issues

= Monitoring




