Proceedings of COBEM 2005 18th International Congress of Mechanical Engineering
Copyright © 2005 by ABCM November 6-11, 2005, Ouro Preto, MG

VALUE OF INFORMATION DURING APPRAISAL AND DEVELOPME NT
OF PETROLEUM FIELDS

Eliana Luci Ligero

Departamento de Petréleo — Faculdade de Engerfladanica — UNICAMP
Caixa Postal 6122 — CEP 13081-970 — Campinas —B3&sH
eligero@dep.fem.unicamp.br

Alexandre Monticuco Xavier

Departamento de Petréleo — Faculdade de Engerfladanica — UNICAMP
Caixa Postal 6122 — CEP 13081-970 — Campinas —B3&s#
amxmec@yahoo.com

Denis José Schiozer

Departamento de Petréleo — Faculdade de Enger¥iadanica — UNICAMP
Caixa Postal 6122 — CEP 13081-970 — Campinas —B3&s#
denis@dep.fem.unicamp.br

Abstract. The Value of Information (VOI) during appraisal cadevelopment of petroleum fields is an economic
criterion used in decision-making process, whicholaes the quantification of uncertainties and exmoit evaluation
of several scenarios. Some methodologies havepreponsed to evaluate the VOI, however they congidir one or
just a few possible production strategies, overtifyipg the problem and underestimating the VOI. naw
methodology has been proposed to evaluate the ¥&#don the simulation of several reservoir modelssidering
the uncertain attributes and some models (GeolddRapresentative Models — GRM) are selected toesgmt the
geological uncertainties. The production stratedyeach GRM is optimized and the possible scendrim® the
additional information are considered and the V®bbtained through the Expected Monetary Value wauiitth without
information. A case study is presented showingirifieence of the number of strategies used in ttoegss and a
comparison is made with current techniques. Thisepahows the complexity to assess the VOI in pipeagsal and
development phases and the importance of this pomeealecision-making in field projects. A new andre reliable
methodology to assess the VOI using the conc&pRM is proposed.
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1. Introduction

The development of petroleum fields is made undertain conditions associated to geological charaation
of the reservoir and to economic and technologieabmeters; these uncertainties influence the vafiube project.
The low performance of petroleum industries is sulteof the low investment applied in decision-nmakiand the
absence of sufficient investments to estimate #term of the project, which implies in overestimagtithe return or
underestimating the possibility of loss (Begigal, 2002). Three types of risks in development dfgdleum fields have
to be considered in the decision-making processmifeen, 2001): opportunity loss (a prospect is @ered
uneconomical and abandoned, but in fact it is esoecally viable), uncommercial development (an umegnic field is
developed because it is wrongly considered ecoranémd suboptimal development (a developed fiedddg less
than the maximum economic return that could beinbthif the correct reservoir model were considgred

The involved risk in the development phase can diuged if additional information is obtained in erdo
diminish or eliminate completely a specific uncerta However, the information acquisition is ditigcassociated to
costs. Therefore, before deciding on obtainingrimiztion, Mian (2002) suggests that two aspectseaanalyzed: if it
is worth to obtain additional information and ittle is information capable of improving the decispryocess.

A consistent decision tool that can be employedrisrion for decision-making is the Value of Infieation (VOI)
that combines reservoir uncertainty to potentigineenic consequences. Nowadays, the concept of ¥@lfficiently
divulged and for simple cases, the VOI analysiarisasy comprehension technique. However, the \d@Uiation is
complex when the number of uncertain attributesdésated, the information affects different geotadjiattributes and
the information is incomplete or not reliable. Aption of the VOI concept is common in the explimma phase,
however there is not a well-defined methodologyapiply the VOI concept in appraisal and developnprdses,
mainly when the problem is modeled through numésiraulation demanding a high computational effort.

Works available in literature show the relevancd applicability of VOI analysis in the decision pess and risk
analysis of E&P projects (Clemen, 1995, Koninx, @0Coopersmith and Cunninghan, 2002). However,stegyatic
approach was not yet developed to explore the pateof VOI methodology exclusively in the apprdisand
development phases. Some methodologies to evalatyOl consider only one or just a few possibledurction
strategies. It is common in petroleum industriescomsider only three representative models, ovgidiymg the
problem and underestimating the VOI due to the derity of the problem. The VOI quantification has teke into



account the benefits that can be extracted of tbhegss: the possibility to have a specific producstrategy applied
for each of the several possible scenarios afeeatigjuisition of the information.

Demirmen (1996) applied the VOI concept to subsiefappraisal in petroleum exploration and prodacto
provide a consistent criterion to justify this aitti. By the extension, VOI could also to be usedranking purposes.
Although, the immediate purpose of appraisal wasredduce the uncertainty, the ultimate goal was npaict
development decision and to reduce the risk assatia development. Demirmen (2001) concluded thetapparent
complexity of VOI approach and the effort to implkem the technique should not deter its applicatidespite the
difficulty, it is well worth performing this task.

According to Floris and Peersmann (2000), an E&Rifden Support System (DSS) was developed andiitstion
was to help the E&P manager to make more informedistbns considering exploration and development of
hydrocarbon assets. The scenarios representindcethedecision and uncertainties were defined andnftbem a
scenario tree was built. The decision tree was aselcriterion to invest or not in the end oftih@nches of the tree. If
information was acquired and one of the tree brasd¢tad a negative NPV, the option was not to invetiie project.
However, this criterion just eliminated the sceosrivith negative NPV and did not consider the athges of the
information in order to modify the production segy of the field. For example, if all scenarios Ipaditive NPV, the
VOI would be equal to zero. Consequently, the D®thodology underestimates the VOI.

Although the concept of VOI is relatively clearetirOl calculation in the appraisal and developnmvatses can be
complex due to the interdependence among unceesirtil recovery and production strategy and tkeessive time
consumption in the modeling process. In additibere is no publication in the literature with aatlenethodology to
calculate the VOI for cases with several uncergdinbutes.

2. Objectives

A new and reliable methodology to assess the V@induhe appraisal and development phases usingaheept
of Geological Representative Models (GRM) is praubsThe number of GRM, each one with a differeidpction
strategy, is higher than three and although itggrplification, the trustworthiness of the proceskept yet. This work
also shows that some of the procedures used bgi@eatn industries and proposed in the literaturé&dyimderestimated
values due to the oversimplification of the problem

3. Methodology for VOI Calculation

The proposed methodology for VOI calculation islaygble either to simple or complex reservoir secarg with a
few or many uncertain attributes. Its initial steqzgrespond to the steps of the risk analysis naetlogy based on
derivative tree technique proposed by Steagall @ectdozer (2001) and implemented by Schiozeal (2004). The
steps of the methodology are described as folletepé 1 to 6 are the same of the risk analysisodetbgy):

1. Selection of all uncertain attributes, definitiof their uncertainties and occurrence probaeditiThis step must be
conducted by a group of specialists in order torgnize the best initial data. The usual approadh &art with
three levels for each attribute: a medium, an dgtimand a pessimistic. The number of levels sthdna increased
or reduced according to the type and importandbenfttributes.

2. Constrution of a deterministic geological modamposed by the most probable values of all inpuiables, which
is called base model. The production strategy isfrtfodel is optimized in terms of NPV (Net Preséalue).

3. Execution of a sensitivity analysis in orders@lect the most critical attributes and to disrdgdae uncertain
attributes which do not present significant infloeron the objective functions, reducing the nuntfepossible
simulation models. The sensitivity analysis cossilstchanging one uncertain attribute by one inbidmee model.

4. Automatic construction of the simulation modatsording to the derivative tree and gradual aolditf attributes
and levels according to the variation of objecfwections for percentiles P10 (optimistic), P50ofpaible) and P90
(pessimistic) and desired accuracy. This procedlloavs the selection of important atributes andrgntees an
acceptable performance without excessive compuitiome (Costa and Schiozer, 2003).

5. Running the simulations through comercial resiersimulator and use of parallel (distributed) garing in order
to speed up the process.

6. Statistical treatment of the results (NPV foclederivative tree model) in order to evaluateribk curve and the
risk associated to the project.

7. Verification of the possibility to reduce thecantainty of some attributes by acquisition of imfiation.

8. Transformation of the derivative tree in theidien tree due to information acquisition. Figuresiows that a
chance event node (circle) is transformed in asi@tinode (square). Chance event nodes are evatsannot be
controlled by the decision maker, while decisiome® are controlled by decision maker (Schuyler,120l the
proposed methodology, a group is defined as a brémat derives from a decision. The derivative tre&ig. 1
possess only one group and a fixed productionegtyathowever the decision tree is composed foetgreups and
it should be considered one strategy for each grébp definition of group is important to quantitye VOI, that
depends on the choice of an appropriate produstiategy for each group.
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Derivative Tree Decision Tree

Figure 1. Transformation of a derivative tree idegision tree.

9. Selection of the geological representative nod@RM) in order to represent the geological uraeties and the
variations of production strategies. The choicé&s&M to be used in the calculation of VOI is diffetdrom the
criterion used by Ligeret al (2003) and Schiozest al (2004) to integrate geological uncertaintiestteeotypes of
uncertainties. The proposed criterion to select GBR&pends on the number of variables that can hlase t
uncertainty reduced (the higher the number of tivesiables, the higher the number of GRM), the @lisjpn of the
points in the plot Net Present Value “versus” Rexgwvactor (the closer the points, the smallerdifierence of
production strategies, otherwise the differencgigsificant), the occurrence probability of eachNERhe level of
confidence desired by the company that developptbiect (as higher the number of GRM, the mor@abét and
accurate the results) and the avaliable time toutale and analyse the VOI. It is important to eagite that the
base model is also considered as a GRM.

10. Optimization of the production strategies of ERccording to the procedure presented by SantdsSahiozer
(2003). The optimized strategies are substitutezhth GRM. If the strategies of the base moddi@QGRM are not
optimized, they must be. This procedure shoulddradtive as shown by Xavier (2004).

11. Calculation of the Expected Monetary Value withinformation (EM\4) according to Eqg. (1). All models of the
derivative tree are simulated considering each ahéhe optimized strategies in order to select phedution
strategy that has the highest EMV to representctse without information. As consequence, the nunadbe
simulation runs is the number of optimized stragegnultiplied by the number of branches of the\ddine tree.

N

Nest

EMVg, = Tvglx{zl [(N PVstrategyw), model, ) -Pmodeli ]} (1)
]:

12. Calculation of the Expected Monetary Value viittormation (EM\g)):

S | nesr| Ne
EMV¢, = z {wi‘l z (NPVstrateQYW), model, ) Py (2)
(k)

k=1 2=1

13. Calculation of the value of information, whistthe difference between EMyand EM\4;:
VOI = EMVg — EMV (3)

4. Application

In order to apply the methodology for VOI calcutetj a modified reservoir based on a real offshmid fn Brazil
was studied. The main drive mechanism is solutias and the injection fluid is water. It is a mattgeervoir with a
long production history but the data used herersetie the appraisal and development phase. Tablerimarizes the
uncertain attributes, the levels of uncertainty asdociated probabilities. The most probable legedsindicated as
“base”. The three levels of uncertainty of the ctusal model are in Fig. 2.

A regular Cartesian grid with 51x28x6 cells repreed the reservoir. A commercialack-Oil simulator was used
to run the flow simulations. The simulation time &l models was 20 years. The initial optimizeddarction strategy
of the base model consisted of 6 producer weligefical and 5 horizontal) and 4 horizontal injectells.

It was assumed that the perforation of one well passible to reduce the uncertainty of structuraeh and
water-oil contact. The information was perfect aagable of totally eliminating the uncertainty bése attributes.

The steps of the VOI calculation that are coincidenthe steps of the risk analysis methodologyenexecuted
automatically and parallel computing were useditothe simulations (Ligero and Schiozer, 2002).

5. Results

The results referring to the application of thegmeed methodology for VOI calculation are presemtecbrding to
the sequence of steps that must always be folloDedng the result analysis, some aspects of thihadelogy are
better explained and some steps are describe@atayrdetail.



5.1. Sensitivity Analysis

The sensitivity analysis is an important simplifioa to select the critical attributes and consedjyeto reduce the
number of simulation runs. The main objective fimttonsidered in the sensitivity analysis wasNe¢ Present Value
(NPV), as shown in Fig. 3(a). However, the seniitianalysis based on Cumulative Oil Production XM@s also
considered, Fig. 3(b). The selected critical atids were water-oil contact, porosity, horizontafrpeability and
structural model. The three levels of the critigttibutes were important, except for structuraldelpwhich had only
two significant levels.

Table 1. Uncertain Attributes for the Studied Case

Attributes Levels Probabilities
areasO (base) 0.6 Structural Model
Structural
Model areasl 0.2
areas2 0.2
por0 (base) 0.6
Porosity |porl = por0 * 0.7 0.2
por2 = por0 * 1.4 0.2
Horizontal permx0 (_base) _ 0.6
Permeability permx1 = permx0 * 0.% 0.2
’| permx2 = permx0 * 2. 0.2
Vertical permz0 (_base) L 0.6
Permeability permzl = permz0 * 2.% 0.2
’| permz2 = permz0 * 0.4 0.2 o
pvtO (base) 0.6 [+ > Optmistic
PVT pvtl 0.2 I+ = Probable
pvt2 0.2 [ > Pessimistic
Relative kroO (base) 0.6
Permeability krol 0.2 Figure 2. Structural model - Levels of uncertainty
' kro2 0.2 (Probable = areas0; Pessimistic = areasl;
Water-oil dwoc0 = 3100 m (hasg¢) 0.6 Optimistic = areas?).
contact dwocl = 3075 m 0.2
dwoc2 = 3210 m 0.2
dwoc . permx [ I
por | (| dwoc [— |
v Permx [ w  Por (|
a 1 e 1
3 permz (| 3 kro [ |
£ areas 1 2 areas | —
1 =@ Pessimistic ) imisti
kro B Optimistic = Pyt 4 :Z?j:nistiscic =
pvt E. permz |
-60 -40 -20 o 20 40 60 -30 -2‘0 —:;.0 6 :L‘O 20
Variation of NPV (%) Variation of Np (%)
(a) (b)

Figure 3. Sensitivity analysis for 20 years: (a} Reesent Value and (b) Cumulative Oil Production.
5.2. Risk Quantification
The critical attributes were employed to generdie teservoir simulation models through the deriatiree
technique. A total of 54 models®(32") were simulated and the NPV risk curve for a pn6 20 years was elaborated
(Fig. 4(a)). The percentile values, P10 (optim)jstie50 (probable) and P90 (pessimistic), are shiomiig. 4(b). The
difference between P10 and P90 represents thefrigtoject. The derivative tree is shown in Fig. 5.

5.3. Transformation of the Derivative Tree in the &cision Tree

The transformation of the derivative tree in theigien tree depends on the uncertain attributetscina have their
uncertainty reduced by information acquisition. Tgerforation of one well reduced the uncertaintythe structural
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model with two levels of uncertainty and water-obntact with three levels. The information was eetrfand
consequently capable of totally eliminating the entainty of these attributes. The information akamwthe derivative
tree (Fig. 5) was transformed in the decision (Fég. 6).
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Figure 4. Project without information: (a) risk garand (b) Percentiles P10, P50 e P90.

ermxl erimixd
pord permx] porQ permx]
ermx? ermx2
ermx0 erml
pori ‘ permx] pord ‘ perrm | Group 1
ermx? Ermx2
errmxl erimixd
porZ? perme] porz permixl
ermx2 errmxd
areas0 errmx0 areasd ermxl]
porl permx1 por permx]
ermx2 Ertmxd
errmxl el
por permm port perrmx] Group 2
ermx2 ermx2
ermxl ermid
por2 permxl por2 perrm=1
ermme? errmxd
ermpxl el
porld permxi porQ permx]
errmx? ermx2
[r—] ermxl]
pori permd pard permx] Group 3
Jer—] errmxd
per— ermd
por2 permexl par2 permx]
e Ermx2
p— el
pord permx] pord permx;
errmx? ST
pepE—Y ermxl]
pori perme] port permixl Group 4
ermix
IE EEFITIXQ
e
ermmxd
por2 permx]
por2 permxl pom—
ermx2
errmxd
areas | ermmxd
pord permx]
por0 permx] popm—
Ermxé el
ermd port permx]
por perrmx1 P Group 5
erm ermd
ermx( por2 perms|
por? permsxl pap—
ermsx2 errmxd
ermx0 porQ permx]
por0 permx p—
ermx; e
Errmx |<
port permx]
pori perme] pope—r Group B
errmx? ermxl
errmnxd por2 perm]
por2 permx] errmx?

ermx?

Figure 5. Derivative tree with 4 uncertain attrisit Figure 6. Decision tree - Complete information of
structural model (areas) and water-oil contact @wo

5.4. Geological Representative Models

The choice of the Geological Representative Moetsie of the most important steps of the methagiofor VOI
calculation. The production strategy of each GRMuisdamental in the process: the higher the nurobeptimized
strategies arising from the decision tree, thengfeo the influence on VOI.



The decision tree, Fig. 6, was divided in six ddéfa groups to include the uncertainty of strudtunadel and
water-oil contact. The effect of increasing grautthe number of GRM was analyzed (starting frone anodel for
each group), in order to verify the reliability thie VOI calculation. The increase of GRM requirkdttmore than one
model was selected for group. A greater number BMGwere concentrated to represent the models wighen
occurrence probability. The model probabilities evezpresented by circles, Fig. 7, whose diameters ywroportional
to the their values. The groups 1, 2 and 3 contathe models with highest probabilities of all démn tree models.
Consequently, a greater number of GRM were consitlier these 3 groups.

The selection of GRM must consider models withidétcharacteristics: low RF and low and high NPRigh RF
and low and high NPV and intermediate RF and NP\é 3elected GRM, total of twelve, are in Fig. 8.

60 60
OGRM models —NPV P10
Group 1 —NPV P50
501 'S Group 2 501 S —NPV P90
= . D(\ Group 3 g - AO-O-@A —RF P10
% 40 4 / . Group 4 = 40 1 Ay —RF P50
2 6) -/ [ ) ® Group 5 % %@ @ —RFP
: Q) : & 2
w304 0e ~ # Group L 30 @% o (j 0 GRM
E 3 o _ 5 b P, - 0 Group 1
3 20 ‘ O' 3 ¢ ®° " * Group 2
o @ ® g 201 @8 °
4 o - o Group 3
. o
10 10 ¢ Group 4
A Group 5
0 . . ‘ ‘ 0 ‘ ‘ ‘ ® Group 6
-80 20 120 220 320 420 100 0 100 200 300 400
NPV (milhdes US$) NPV (million US$)
Figure 7. Probability of the models in the decidime. Figure 8. Selected GRM (Total of Twelve).

5.5. Optimization of the Production Strategies of &M

The production strategies of the GRM were optimizeterms of NPV. As the base model was also a GiRMas
necessary to re-optimize its production stratedye VOI calculation were strongly dependent on th&ngization
process, since the better the optimization of theeggy of each model, the better the NPV valuesntore accurate the
production strategy of each model and the morabldithe calculated VOI. The maximal variation loé humber of
wells of the optimized strategy for the GRM was &qto 9 horizontal wells. Variations in the numbszr wells
implicate in different production systems, injeatioapacities and fluid productions. Some significdifferences on
fluid production were observed, what implies inigedsity of definition of platform, a varied oil pcessing capacity
and a varied water treatment and injection.

5.6. Expected Monetary Values

The EMVs, does not depend on the number of branches or gritg can have their uncertainty reduced and its
calculation was based on the best production giyaté all branches of the derivative tree (Fig.&)d Eq. (1).
Otherwise, the calculation of EMY by Eg. (2), required only one and the best prtidncstrategy for each branch or
group that could have their uncertainty reducedstgctural model and water-oil contact were susibkpto reduction
of uncertainty, the strategy that maximized thdipBEMV of each group was selected

The values of EMV (Fig. 9), in general, increasdtew the number of strategies in the process atsedased. The
addition of %' strategy increased more the EMthan the EMV,. The opposite was observed when thesBategy was
added. The relative increase between EMV withowt aith information determined if the VOI increased not,
affecting significantly the VOI that stabilized &millions US$.

The comparison between the risk curve without aitll iwformation is in Fig. 10. The risk of the pect (measured
here as P10-P90) was reduced from 198.59 to 186il06ns US$ as consequence of information acqoisit

5.7. Comparison with Other Methodologies

The VOI and the number of simulation runs obtaittedugh the proposed methodology with twelve GRMewne
compared with the results generated by the appitaf two other methodologies: the DSS method «llesd by Floris
and Peersmann (2000) and the common method usgetrileum industries that considers only three asgmtative
models (optimistic, pessimistic and probable). €ablillustrates the obtained results. The VOI daled by DSS
method was underestimated because this approanmales the scenarios with negative NPV and doégamsider
the information to alter the field production stgy. In addition, scenarios with positive NPV résuh null VOI and
whereas if adequate strategies should apply tpdlssible scenarios, the information would give gatoi the process.
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The practice of adopting only three representamaslels oversimplified the VOI calculation and cansently also
underestimated it. The VOI obtained by the propasethodology is the most reliable and accuratehénideal case,
an appropriate production strategy for each possibénario should be optimized, although in gendrial is not viable
in practice due to the excessive computationalreffthe simplification represented by the GRM beesnthe VOI
calculation possible and maintains the reliabitifythe process. As consequence, the proposed nwtiyydrequires
higher number of simulation runs than the otheraaghes.

200 9 100 + iy
190 + - 8 90 “\‘“ Risk Curve without Inf.
. 17 80 A —— Risk Curve with Inf.
§ 180 + 1e % ;\O\ 70 1
1 > = &5 4
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> Value of Information 1 = 8 404 \
o 150 + 39 & L
w 15 a 30 -
140 + ’—’/._‘_H—Q—Q—Q—"‘ 13 20 |
10 1
130 } } } } } } } } } 0 -
0 ; ; s BN
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Number of GRM models NPV (MM US$)

Figure 9. Influence of the number of GRM in VOI and

EMV Figure 10. Risk curve without and with information.

Table 2. Comparison among methods to VOI calculatio

Method to VOI VOI Simulation
Calculation (million dollars) Runs
DSS 0.00 54 + (~25) =81
3 Representative Models 5.74 84
Proposed Methodology
(12 GRM) 8.00 948

5.8. Number of GRM “versus” Number of Simulation Runs

If the information eliminates a higher number dfibtites in the tree, the number of groups thatisiidbes the tree
is higher and the number of models in each grougmialler. The increase in the number of groupsirega high
number of GRM, whose production strategies musigienized.

As it is not feasible to optimize all models of ttiecision tree ideal, there is a limit to the numbeGRM that
make the VOI calculation viable. For the studiede;af a more precise VOI is required, an alteueats to choose a
number of GRM comprehended between 12 and 54 fotaber of models in the tree). The consideratioh2o0GRM
to calculate the VOI resulted in 948 simulationd &rall models of the tree were considered, theiber of simulations
would be higher than 4,000, what is unavailablpractice.

6. Conclusions

The available methodologies to evaluate the VQdppraisal and development phases do not detaitisunifly the
procedure or simplify the process, resulting inenedtimation of the VOI. A new methodology to quignthe VOI in
these phases was developed and its complexity bserged due to the high number of variables anéntmiaties, the
necessity to model the reservoir accurately andogitemization of production strategy. A completegess to VOI
calculation, where the production strategy of a@tidion tree models should be optimized, is nosifda in practice.
For this reason, the proposed methodology speeplédeuprocess and made it feasible through the GRINGh were
used to choose adequate production strategy fér €semario that was susceptible to obtain informmatin addition to
being useful to generate strategies, the GRM waiabie to produce a risk curve, to calculate thévEof the project
and to calculate the percentiles P10, P50 and R8é@ever, a low number of GRM should produce ermuge to
different and possible production strategies.

The precision and reliability of VOI depended oe tiumber of GRM, the optimization of their strag=gand the
precision considered in the optimization. The pssc® evaluate the VOI must be dynamic and graduale selection
of GRM until the stabilization is reached. The V@lantification process can yield significant erratsen only three
models are selected according to a common praictipetroleum industry or when the DSS method isleygd. The
proposed methodology is applicable to simple or mles models and with high number of variables. Pheposed
methodology is useful in decision-making process @presents a more reliable process, even ifithe af process is
elevate.



7. Nomenclature

areas Strututral model Np Cumulative oil production

DSS Decision Suport System N Total models or scenarios for groups
dwoc  Water-oil contact NPV Net present value

EMV  Expected monetary value P Probablility (Eqntl &q. 2)

EMVs Expected monetary value whithout information P10 Optimistic percentile

EMVc Expected monetary value whith information P50/H@@bable and pessimistic percentile, repectively
E&P Exploration and production permx  Horizontatmeability

G Number of gropus in the tree permz  Vertical pexoiley

GRM  Geological representative models por Porosity

kro Oil-water relative permeability PVT PVT table

N Total number of models or scenarios RF Recovaciof

Nest Number of optimized strategies VOI Value of infotina
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