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1. ABSIRACT

Often it has to be decided if additional in-

formation should be collected or iIf further
studies are necessary before a new fleld de-
velopment or an incremental development pro-
Ject can be initiated. Ideelly, additional
information should be gathered anly as long
as it contributes to improving the total
project net present va've and reduces the
campary's investment risk.

However, it is usually very difficult to at-
téchaneoarmicvalmtoaspeciﬂcdata
gathering activity. Lohrenz (1) presented a
method for evaluating the value of inform-
ation, This approach has been utilized in
comnection with decision making on: 1) a
long term test of a vertical well in a small
North Sea oil field, 2) a North Sea polymer
pilot project, 3) extended production testing

of a horizontal well in a reservoir with a.

thin oil rim. The method, its application and
results for the three cases are described in
this paper. Advantages and disadvantages of
the method are also discussed.

2. INTRODUCTION

Very often it has to be decided if aiditional
information should be gathered before an
investment decision is taken.

In general, the value of gathering additional
information depends on:

References ard illustrations at end of paper

- degree of mcertaintg

- representativeness of the additional in-
formation

- decision flexibility

Obviously, i.fﬂlemisahighdagreeat'"m'
fidence attached to the present characteriza-
tion of a reservoir, there is no reason to

- spend more money on data gathering activiti-

es, before a decision is taken. Howsver, in
the North Sea area the typical situation is
that decisions are based on very limited and
uncertain knowledge ahout the reservoirs.

The impact of reservoir description through
the issue of remresentativeness is very im-
portant. When samething (a pilot, a horizon-
tal well, ...,) 1s to be tried out in the
field, it is important that not the best and
not the worst geological conditions availshle
(but the most representative) be selected for
the first trial if a fleld-wide application
1s envisioned at a later stage.

If decisions about platform concepts, mmber
of wells, processing capacities etc. have
already been made, the value of additional
Information might be very limited, specially
1f contracts an platforms and topsides have
already been signed.

The additional information gathering process
could consist of for example lang-term test-
ing of one or more wells, enhanced recovery
pllot projects, drilling and testing of a
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horizontal well, etc. Ideally, such addi-
tional infarmation should be gathered as lang
as it contributes to imgroving the total
project net mesent value and reduces the
investment risk.

However, it is usually very difficult to
attach an ecaoncmic value to a specific data
gathering activity. Lohranz (1) recently
presented a method for evaluating the value
of information. This method is illustrated
below in comnection with considerations about

long-term test of a well, a polymer project,

and testing of a horizontal well. The method
and its application in the three cases are
described and advantages and disadvantages of
the method are discus-xd.

3. DESCRIPTION OF THE METHOD

The method is described in detall by Lohrenz
(1) .

" The decision tree in Fig. 1 puts the deci-
sion to gather information pertinent to a
subsequent decision into a rational frame-
work. Informaiion can be purchased (or
gathered at cost) that, when known, can be
characterized as good or bad news. Good news
is synomymous with a more favourable view of
doing what is proposed; bad news with a less
favourable view. Any Iinformation, hower,
whether guod or bad news, may turn out to be
wrong or unreprasentative. The decision three
defines the requisite frequencies and ex-
pected value outcames used in BEguation (1) to
define C the maximur amount that the

max’

information might be worth:
cuax [ GR E, + (l—fck) Ecu]

+ (I-f, ) [£, E

BR™BR

+ (l'fan) Esw] - E,.
eees (1)

It would be reasonable to spend 'up to C,,,
for informaiion, but no more: if C,,  were
negative, the information considered would

have no positive value. "

In other words, the value of information is
calculated as the probability weighted out-
come if the information is gathered, minus
the outcome if the information is not gather-
ed. Typically, the outcomes of the alterna-
tiveeventsareexzressedintemsafnet
present values.

As the method js described here, the maximm
allowable cost of gathering information is a
result of the ‘calculation, and therefore this
cost is mot included in the estimated out-
cmes: E,,, E,,. E,,. E,, (Fig. 1). However,
in certain cases the data gathering -:~tivity
will be an integrated part of the succeeding
activities, and therefore i. can be difficult
to define the cost of the data gathering
activiiy. This can, for example, be the case
in comnection with long-term testing of a
well, which will be part of 2 further devel-
omnent. In such cases, the date gathering
activity can be incluied in the estimated
outcomes, and the ctivity shouv!d then be
initiated, if C,,, is greater than 0.

One of the difficulties in applying the
method is, how to establish probabilities of
the alternative events. The following ex-
amples from the North Sea area illustrate how
this difficulty can be solved.

4, EXAMPLES OF APPLICATION

4.1 Long-term Test

It is not known whether there will be aquifer
support in the candidate structure. If there
is m> aquifer support, development of the
structure is considered marginal. Theretore
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it is relevant to consider long-term testing
of a sub-sea campleted well. If the long-term
test shows no aquifer support, the test well
will be produced as lang as possible in order
to minimize the ecanomic loss. If the long-
term test proves aquifer suppart, two addi-
tiocnal wells will be drilled. and a high and
low production case have been evaluated. Fig.
2 shows the decision tree for this particular
case. :

Calculations have been performed using net

present values from the economic evaluation

of the example structure:

E, = NPV if field is abandoned

E,, = NPV far high case with aquifer support
E,, = NPV for low case with aquifer support
E,, = NPV if no aquifer support

£, = Probability of aquifer support

£,, = Probabilitu of high case with aquifer

support

The probability of aquifer suppaxrt i1s not
known, while there is considered to be equal
probability of the high and low case with
aquifer support (£, = 50%). Under these
assumptions C,,, versus f, can be established
as shown on Fig. 3.

The test will be an integrzted part of the
succeeding development, so the outc-wes E,, ,
E,, and E,, include the cost and incame or
the long-term testing.

Hence, the criteria for initiating the long

term test will be po:l.nté where C, . > 0. From
Fig. 3 it can be seen that the long-term test
should be initiated if the probability of

aquifer support is greater than 13%,

In other words, even a relatively small prob-

" ability of aquifer support can justify initi-

ation of a long-term test. Case histaries for
camparable reservoirs might help in quantify-
ing the probability of aquifer support. Also,
geological expectations of aquifer size and

- permeability must be considered in this con-

text.

In this way the decision praoblam has been
simplified to a problem of determining the
probability of aquifer support.

4.2 Polymer Pilot Project

A pilot polymer project has been proposed in
order to investigate possible benefits from a
large scale polymer project. It has to be
considered if the pilot project can be econo-
mically justified. The critical factors are:

- What are the chances of technical success
of the pilot project?

- Will results from the proposed pilot pro-
Ject be representative for a large-scale
project?

Fig. 4 shows the decision tree for this situ-
ation. An example calculation has been per-
formed using the following assumptions for a
large-scale polymer project:

- 6 injection wells

- 1020 ton polymer per well

- 1700 ton biocide per well

- Additiznal imvestment = 60 mill, NOK (in-
Jection wells would be drilled in any
case) ,

- Polymer cost incl. transp. = 50/100 NOK/kg

- Bilocide cost incl. transp. = 12/24 NOK/kg

~ Additional production = 5% of base case
proxiduction from the relevant area.
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The net present values of the alternative
events were 3stimated as:

E

[

NPV for base case, 1.e. water-
flood without polymer

E,, = NPV assuming technical success
of pillot and that results are
representative (+5% production)

E,y, = NPV assuming technical success
of pilot, but results are not
representative (no additional

;gochctim)

NPV assuming technical failure
of pilot, and no large-scale
polymer project implemented

E, = E,

£ = Probability of technical success
of the pilot project

f,./£,, = Probability of results fron

pilot project being representa-
tive.

From a survey of EOR projects (2} the prub-
ability of technical success of a polymer
pilot project can be estimated to be approxi-
mately 84%. However, the statistics cover
cnly onshore projects. As such a project has
ot yet been initiated offshore where well-
spacing generally is much greater, it seems
reasonable to apply a lower probability, say
50%.

From these estimates C,,, versus f,, can be
established as shown on Fig. 5.

The cost of the polymer project is estimated
to 90 mill. NOK. Hence, 1t can be seen fram
Fig. 5 tha* a very high probabiliity of "re-

sults being representative” is required, if a
pilot project should be initiated.

Also, it can be seen from the figure that &
doubling of polymer/biocide prices means that
under no circumstances should the pilot pro-
Ject be initiated. Similar sensitivity ana-

- lyses can be made for the amomt of addi-

tional production from a polymer project, or
for alternative oll prices.

This analysis neither confirms nor rejects
the question about initiation of a pilot
polymer project, but it emphasizes the im-
portance of "representativeness of the pilot"
and of the polymer price (and additional
production). Hence, a decision about the
pilot project should mot be taken befare
these factors have been studled in great.
Jetail.

4.3 Testing of a Horizontal Well

Fig, 6 defines a simplified decision tree for
long-term testing of a horizontal well. The
objective 1s to 1nvestigate the possible
benefits of developing a thin oil zane under
a large gas cap. The oll zane consists of two
separate provinces, the main oil province and
the secandary oil province.

If it is decided not to perform the test,
there will be no basis for developing the oil
province, and the net present value of this
event will be zero (E =0).

If the test is initiated, two possibilities
are considered. If the horizantal well is

 drilled and completed successfully, and test

results are ¢+xouraging (technical success),
a staged development will follow. Initially,
the main oil province will Le developed with
a floating production platform and 4 horizon-
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tal wells (including the test well). If pro-
duction is as expected, i.e. 1f the test well
is representative for the main oil province,
the secandary oil province will be developed
by 2 horizontal wells. If the test well is
also representative for the secondary oil
province, production will be as expected, and
net present vaiue is estimated to E, for the
total develomment of the oil provimce.

If the test well is not representative for
the secondary oil province a low case 1s
considered, and the net mresent value in this
case 1s estimated to E, .

Similarly, if the test well is mot represen-

tative of the main oil province, a Ic : case

is considered. In this scenario the secondary
oil province will not be developed and the
net present value 1is estimated to E,.

Finally, if the test well 1s not drilled and
campleted successfully, and/or the test re-
sults are disappointing (technical failure),
no further development will be initiated. The
net present value in this case (E;) will be
negative, corresponding to the cost of the
well.

As drilling and completion of horizontal
wells are a relatively new technology, there
is mo statistical basis for estimating the
probabilities required for this analysis.
Therefore, sensitivity to the various pro-
babilities is shown an Fig, 7.

The sensitivity of net present value to P,
(probability of the test well being represen-
tative far the main oil province) is shown
for two values of P,, (probability of the
test well being representative for the sec-

odary oil prowince), and for two values of
P, (probabllity of technical success).

Fig. 7 illustrates clearly, that develomment
of the secondary oil province has a limited
impact on the total econamic results (anly
small differences between P,,=0.75 and
P,,=0.50). Hemce, the test well should pri-
marily be plamed to be representative for
the main odl province.

Also, it is seen from both figures that a
lower probability of technical success
(P,=0.50 as compared to P, =0.75) implies a
requirement of higher probability of the te:t
well being representative (the straight lines
move to the left), befare the long-term test
should be initiated.

Finally, it can be concluded that the ;rabab—
1lity weighted net present value will almost

-inevitably be positive. For example, I1if

P =P, =P,,=50%. the net present value will be
120 mill. NOK. '

5. DISCUSSION OF THE MFTHOD |
Reservoir related decisions will alwéys de-
pend on estimates which are based on very
limited and uncertain information. Therefore,
often it has to be decided if gathering of
further information (at a certain cost) can
be maiified by later improvement of the
project.

The estimates on which a decision has be to
taken will almost always be biased. As point-
ed out by Castle ‘3), Campbell '4), and Brush
et al (%), it seems that people in the oil

. industry most often overestimate project

performance, which results in many economi-
cally disappointing projects. The method
illustrated above requires that the "estima-
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tor" quantifies the probability of alterna-
tive events. Probably this will not remove
bias in the estimates, but it will be more
abvious for everybody involved in the project
whether the expectations are optimistic ar
pessimistic.

It can be argued that the decision trees pre-
sented here are aversimlificatim, of the
real world. Certainly, in reality a large
variety of outcomes of the alternative events
are possible, amd if all possible outcomes
should he considered, the decision tree would
be extremely complicated and calculation of
all relevant net present values would be
almost impossible. However, ro matter how the
big decisions about field development are
taken, some kind of simplification must be
made. One of the biggest advantages cannected
to the method illustrated above, 1s the fact
that management can see clearly how and where

the simplifying assumptions have been made.

It will often be a praoblem to define prabab-
ilities of the alternative events. However,
detailed studies of goverrment reports, case
histories, etc. will in mamy cases give a
basis for "order of magnitude” probabllities.
Also, a systematic application of the method
would result in a statistical data base which
could help in future analyses.

As shown in the polymer pilot example, the
method can be used to illustrate which fac-
tors are critical for a project. even if it
is not possible to quantify all probabili-
ties. Hence. analyses of a project using this
method can help in. defining objectives for
further studies.

Application of the method 1s limited to cases
where the outcame of alternative events can

be quantified as a net present value (or a
similar ecanomic measure). However, iIn con-

~nection with a lang-term test the amount of

flared hydrocarbans could be a critical fac-
tor. In such cases the method could be used
to compare the amount of flared hydrorarbans
to the expected additional recovery of hydro-
carbons (the outcome of alternative events
should then be expressed as amounts of pro-
duced hydrocarbans instead of net present
values).

6. CONCLUSIONS

In conclusion, it is felt that the method
described by Lohrenz ') 1s a simple tool
which in a very concentrated form can 1l-
lustrate complex decision problems and em-
phasize the effect of critical factors.

Although the method in most cases implies a
high degree of simplification, such simplica-
tions have to be made aryway., befaore camplex
decision problems can be solved. By using
this method, it will be abvious for anybody
involved, how and where the simplifying as-
sumptions have been made.

NOMENCLATURE

Description of the method:

C,ux = maximum value cost that could be
incurred for infarmation without
expected value loss.

) expected value of a project a
priol information under con-
sideration.

e expected value of project when
information is bad news that
tirns out to be correct.

EB;, =  expected value of project when
information i1s bad news, but
tuns out to be wrang.

SPE 19291
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GR

GW

expected value of project when
information 1s good news that
turns out to be correct.
expected value of poject when
information is good news, but
turns out to he wrang.
frequency that information,
given that it is bad news. turns
out to be correct.

frequency that information is
good news; (1-f,) is the fre-
quency that information is bad
news.

frequency that information,
given that it is good news,
turns out to be correct.

Long-term Test Example:

E

<

Eu h

E

al

Eﬂ
fl
f‘

h

NPV if field is abandoned.

NPV for high case with agquifer
support

NPV for low case with aquifer
support

NPV if no aquifer support
Probability of aquifer support
Probability of high case with
aquifer support

Polymer Pilot Example:

[]

E

GR

G

B

NPV for base case, i1.e. water-
flood without polymer.

NPV assuning technical success
of pilot and that results are
representative /+5% production).
NPV assuming technical success
of pilot, but results are not
representative (no additional
production).

NPV assuming technical failure
of pilot, and no large-scale
polymer project implemented.

fdl/f'l

praobability of technical success
of the pilot project.
probablility of results from
pPllot project being representa-
tive,

Horizontal well Example:

E,

E,

NPV if no test 1s performed
(=0). - .

NPV 1If test results are repre-
sentative far the main and se-
candary oll provinces.

NPV 1if test results are repre-
sentative for the main oil pro-
vince, but not for the secondary
oll province.

NPV if test results are not
representative for the main oil
province.

NPV 1if test is a technical fail-
probability of the test well
being representative for the
main oll province,

probability of the test well
being representative for the
secordary oil province.
probability of techmical fail-
ure,
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VALUE OF INFORMATION DICISION TREE

E, = expected value of 8 project @ prion informstion
under consideration
Egp = expected value of project when information is bad
Gather Information ? news that turns out 1o be correct
Egw = expected value of project when information is bad
news, but turns out 1o be wrong

Fight Eun Ega = expected value of project when information is good
You news that tums out (o be cofrect
Good News tea : Egw = expected value of peoject when information is good
news, but tums out 1o be wrong
“"“"w' Jon = frequency that information, given that it is bad
1 T L. NI news, lums out be correct
Jg = frequency that information is good pews (i.c.,
Right favorsble); (1 /) is the frequency that ~
(+1g) [ Em information is bad news (i.e., uafavorable)
Joa = frequency that information, given that #t is good
Sad News or news, turns out to be correct
Gfoad
Wrong

Fig. 1 - Description of the Method

LONG TERM TEST DECISION TREE LONG TERM TEST
] VALUE OF INFORMATION
Crmax
Floks Eo 500
No
490 ~
|
Long Term Teat ? ] 300
I fan High
I r Ean 200
Yes
1 Aquifer Support 100
T * 2 Wells
fa I 0 fa
| [ Ballls fow = / os 0
(1-12) I . -too —
—+— o=
l
Phase 1 I Phase 2
Fig. 2 - Long-term Testing of a Small Fig. 3 - Maximum Cost of Test vs.
Structure with unknown Aquifer Probability of Active

Aquifer
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POLYMER PILOT DECISION TREE POLYMER PILOT
B MAXIMUM ACCEPTABLE PILOT COST
No Large -Scale Crrax
Polymer-Project &
No .
Potymer Pilot
Eon
vos & Fiiot Shows Good ] fon  RARR ve
Vertical Sweeo and
® Large-Scale
' Rt N - € 7 ' Techmcal Success
~ d tgn Probabikty that Pilot
et 200 is Fepresentative
! [ Pslt is €.ivEs — 50 Kr/Kg Polymer
® Pilot Shows " Reptaseniative Incl. Transport
Bad Performance . — .+~ 100 .st/Kg Polymer
@ No Lerge-Scale Incl. Transport
Imglementation Rendt Is NOT
{1-Iy4a)  Pepresenialive
e Ehv\' 'Ed
Fig. 4 - Pilot Project for Imvestigation Fig. 5 - Maximum Cost of Plilot
of Large-scale Polymer Project Project vs. Probabilities
e : ~ LONG TERM TESTING OF HORIZONTAL WELL
Abandon Main and
] Secondary Provinces Eo
No
Expected
Long Term Test of Case
Horizontal Well in - Exnected Ey
xpecte
Main Province ? Case Develop Secondary PEs
Province
(1- PEp)
Yes
Tech. PE, S
Sucress Develop Main Low Es
. Province Case
(1-PE)}
Py
Low Ej3
(1-Pp Case
Abandon Main and
Teoch. Secondary Provinces Eq
Fallure
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LONG TERM TESTING OF HORIZONTAL WELL
VALUE OF INFORMATION

Ml NOK —J Prob. Weighted Mill NOK 1 Prob. Weighted
Net. Present Value

Net. Present Value

500 500 —

400 — 400 —
300 — 300 —
200 ~

200 —{

100 = 100 -~

T 1 PR
0.5 1.0

~100 —|  Pessimistic Prob. of Techn. Success ~100 —  Onptimistic Prob. of Techn. Success
Pr=0.50 =075

Fig. 7 - Sensitivity to Various Probabilities
on Weighted Net Present Value




