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TABLE OF CONVERSIONS TO SI UNITS
multiply unit by to obtain metric
unit
   barrel         0.159   cubic meter
 cubic foot         0.02832   cubic meter
     foot         0.3048   meter

Unit Abbreviations

bbl Barrels
BBO Billions of barrels of oil
BBL Billions of barrels
BCFG Billions of cubic feet gas
MCFG Thousands cubic feet gas
MMBO Millions of barrels of oil
TCFG Trillions cubic feet gas
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 SUMMARY

This report summarizes the economic analysis of the U. S. Geological
Survey’s 1998 petroleum assessment of the 1002 area of the Arctic National
Wildlife Refuge.  Volumes of technically recoverable oil and gas were
assessed  by geologists.  Estimates of technically recoverable oil in
undiscovered accumulations in the 1002 area range from 4.25 billions of
barrels of oil (BBO) to 11.80 BBO with a mean of 7.69 BBO.  The ranges in
estimated volumes correspond to the 95 percent probability (that is, a 19 in
20 chance of occurrence) and the 5 percent probability level (1 in 20
chance), respectively.  Estimates of technically recoverable non-associated
gas in undiscovered gas fields range from 0 to 10.02 trillions of cubic feet of
gas (TCFG) with a mean value of 3.48 TCFG.  Non-associated gas resources
were not examined in the economic analysis because they are not expected
to be a target of explorationists for at least two decades.

Characteristics of the assessment important for the economic analysis
included the field size distribution, location, and depth.  At the mean
estimate, 3.26 BBO is in fields of at least 500 million barrels.  Accumulation
size-frequency distributions associated with the 95th and 5th fractiles
indicate 1.12 BBO and 6.43 BBO were assessed in fields of at least 500
million barrels, respectively.  Plays of the undeformed area, the western part
of the 1002 area, were assessed to contain more than 80 percent of the oil.
Just over three-fourths of the assessed oil was assigned to depths of 10,000
feet or less.

The economic analysis used the accumulation size-frequency distributions
associated with the mean, 95th, and 5th fractile estimates of undiscovered
technically recoverable oil.  An after-tax 12 percent rate of return or hurdle
rate was assumed.  All calculations are in constant 1996 dollars.
Transportation costs from the field to the market were included in the
analysis so that prices and incremental costs are at the market rather than
well-head.  I nc r em ent al  c ost  f unc ti ons  i ncl ude  t he  full  cost s  of f indi ng
( excl usi ve  of  l e as e bonus ) , de vel opi ng, produc ing, and t ra ns por ti ng oi l  t o
m ar ke t .  M ost  of  t he  fi el ds wi t h at  le as t  500 mi ll i on ba rr el s  of oil  r e cove r able 
wil l m ee t c os ts  of  de ve lopme nt , produc ti on, a nd tr a ns por ta ti on at  $16 per 
bar re l .

At an $18 per  ba rr el  ma rke t pr i ce , 2.4 BBO as s oc ia t ed wi th t he me a n es t im at e 
a nd 6.2 BBO a ss oci at e d wi t h the  5th f ra ct i le  e s ti ma t e ar e  e conom ic  to f i nd,
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devel op, pr oduc e  a nd tr ans port  to m a rket .  For  r es our ce s  a ss oci at e d wi t h the 
95t h f ra ct i le  e s ti ma t e, i nit ia l  e xpl or at i on c ost s a re  not com pe ns a te d by the 
e conom ic  va lue of ne w f inds unt il  m a rket  pr ic e s re a ch a t  l ea s t $19 per  ba rr e l.
At the  higher  m a rket  pr ic e  of $24 pe r ba r re l, 47 pe rc ent  of t he  oi l as s es se d a t
t he  95th f ra ct i le  (2.0 BBO) , 68 per ce nt of  the oil  a s se ss e d at  the m ea n ( 5.2
BBO) a nd 79 per c ent of the  oil  as se s se d a t the  5th f ra ct i le  (9.4 BBO)  ar e
e conom ic  t o f ind, de vel op, produc e, and t ra ns por t t o ma r ke t.

INTRODUCTION

Economic analysis of the assessed undiscovered technically recoverable
conventional oil and gas for the 1002 area of the Arctic National Wildlife
Refuge (ANWR) is summarized in this report.  Volumes of recoverable oil,
gas, and natural gas liquids (NGLs) that could be added to proved reserves
using current technology but without reference to costs or product prices
were estimated as part of the geologic assessment.  Costs and the required
product prices to transform the undiscovered resources into producible
reserves are computed here.  This analysis estimates the part of the assessed
distribution of undiscovered accumulations that can be commercially
developed at a given market price level.  It also calculates the incremental
costs of finding, developing, producing. and transporting assessed
undiscovered oil.  Incremental cost functions show cost-resource recovery
possibilities and are not supply functions as defined by economists.
However, the incremental cost functions and the data which underlie the
functions are often used in market supply models.  The economic analysis is
confined to resources in the 1002 area.  This analysis does not predict the
revenue or bonus payments for leases in the 1002 area nor does it attempt to
estimate regional or national secondary economic benefits.  The economic
component of the 1002 area assessment is intended to place the geologic
resource analysis into an economic context that is more informative and
easily understood by government policy makers and industry decision
makers.

Undiscovered technically recoverable conventional oil and gas resources
are resources estimated to exist, on the basis of broad geologic knowledge
and theory, in undiscovered accumulations outside of known fields.
Technically recoverable resources are producible using current recovery
technology but without reference to economic viability.  Conventional oil
and gas accumulations are discrete well-defined accumulations, typically
bounded by a downdip water contact, from which oil, gas, and natural gas
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liquids (NGL) can be extracted using traditional development and
production practices.  Accumulations assessed by geologists outside of
known fields were considered for the purposes of the economic analysis as
separate and discrete new fields. Economically recoverable resources are
that part of the assessed technically recoverable resource for which the costs
of finding, development, and production, including a return to capital, can be
recovered by production revenues at a given price.

The scope and nature of the assessment method are first briefly reviewed.
Characteristics of the technically recoverable resources important for
understanding the economic analysis are then summarized.  Assumptions
about markets, pricing, costs, and the technical relationships used in
estimating the incremental costs functions are considered.  Results and
interpretations are presented in the concluding sections.

SUMMARY OF GEOLOGIC ASSESSMENT

The geologic assessment method and its scope are surveyed here.  Specifics
may be found in Schuenemeyer (Chap. ME).  A conventional field’s
commercial value depends on its expected size, whether it is oil or gas1, its
depth, location, and reservoir properties.  Characteristics of the assessment
results, such as the accumulation size-frequency distribution, the depth
distribution, and the expected geographical distribution of assessed resources
are fundamental for understanding the economic analysis.  These
characteristics are described in some detail.

Geologic Assessment Procedures

For each play, the assessment geologist or assessor assigned  probabilities
and probability distributions to properties of undiscovered conventional oil
and gas accumulations having hydrocarbons of at least 50 million barrels of
oil (MMBO) or 300 billion cubic feet of gas (BCFG) in-place.  A play is  a
s et  of  known or  post ula te d oil  and ( or ) gas  a c cumul at ions sha ri ng si mi l ar 
geologic , geogr a phic , a nd te mpora l prope r ti es , s uc h a s s ourc e  r oc k, mi gra ti on
pat te r ns , t im ing, tr a pping m ec hanis m , and hydr oc ar bon t ype .  For e ac h pla y
geologis ts  spec i fi ed em pi r ic al  pr oba bi li t y di s tr ibuti ons  t hought t o cha ra ct e ri ze 
t he  pl ay.  Thes e  dis t ri but ions  incl ude  number  of  pr os pe c ts , depths  of
                                                          
1 Fields and accumulations are defined as either oil or non-associated gas on the basis of their gas-to-oil
ratios.  Those having at least 20,000 cubic feet of gas per barrel of crude oil were classified as non-
associated gas; otherwise, the fields and accumulations were classified as oil.
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a cc um ula ti ons , var ious re s er voi r pa r am et e rs , a nd pl ay a nd pr ospec t 
proba bil it i es .  Compute r s im ul a ti on anal ysi s c om bi ned t he se   probabil i ty
dis tr i buti ons  s o t ha t  t he  as se s sm ent  r es ult ed in ( unc ondit ional )  estimates of
numbers and sizes of undiscovered accumulations, their depths, and
ancillary information such as expected associated gas-to-oil ratios, natural
gas liquids-to-gas ratios, and characteristic product quality.

Eac h of the  10 pla y def ini ti ons  i nc l uded a de s cr ipt ion of the  geogra phi c
l oc at i on a nd ge ologi c  c ha r ac te r is ti c s (s e e Bi r d, Cha p. AO) .  M ost  of  t he  pl ays 
t hought to oc cur  i n t he  1002 a r ea  a r e al s o found i n a dj a ce nt  St at e  l ands, unde r
Sta te  and Feder a l wa t er s, or  e l se whe re  on t he  Nort h Slope. A numbe r of 
s uppor ti ng st udi es  we re  pr epar e d by the a ss es s me nt  ge ol ogi st  and other 
m em be r s of  the Ass es s me nt  Te am  that  as si s te d t he  a s se ss ors  i n c ha r ac te r iz ing
pla y prope r ti es  wi th pr oba bi li t y di s tr ibuti ons . The  pl ay  pr obabi li t y is  t he
l ikel i hood that  the pla y c onta i ns  a t  l ea s t one  a cc umula t ion wit h 50 MM BO or 
300 BCFG i n-pla c e.  I n ca s es  wher e t he  a s se ss or wa s  not  conf i de nt  of  t he
occ ur r ence  of  a t  l ea s t one  a cc umula t ion of tha t thr es hol d si z e, t he pl a y
proba bil it y was  compute d a s the  produc t of the  occ urr enc e pr oba bi l it ie s  of t he 
t hr ee  pl ay at tr i bute s  of c harge , r es er v oi r, a nd t imel y  t rap f or mat ion (s ee 
Cha rpe nt ie r , Cha p. DF) .

Eve n t hough t he  as se s sm ent  was  pr epa re d a t the  pla y l eve l, a s se ss ors 
a nc hor ed t hei r e st im a te s of the  num ber  of  pros pe ct s  on t he ir  inte r pr et a ti ons  of
s ei sm i c inf or ma t ion, ot he r  geophysi c al  da ta , or ana logue s.  Ass es s or s wer e
a sked to s pec if y a n e mpir i ca l dis tr i buti on for  t he  numbe r of  pr os pec ts .  The 
prospe ct  pr obabi li ty  is  t he pr oba bi l it y t ha t a  r andom ly chos e n pr ospec t 
c onta i ns  a t  l ea s t 50 MM BO or  300 BCFG in- pl ac e .  This  pr obabi li ty ma y be
c om put ed a s  t he  pr oduct  of  t he  oc cur re nc e  probabil i ti es  as si gne d by the 
geologis t t o the  pros pe ct  at tr i bute s  of c harge , re s er voi r, and ti mel y t rap
f or mat ion.  The  num ber  of  a cc umula t ions  (m ee t ing t he  t hre shold s i ze ) i s the n
t he  pr oduc t  of t he  number  of  pr os pe c ts  a nd the  pla y a nd pr os pec t
proba bil it i es .  Ra ndom va l ue s r epre s enti ng num be rs  of  pr os pe c ts  we re 
s am pl e d fr om the  pros pe ct  pr oba bi li t y di s tr ibuti on.

The  a c cumul at ion s iz e  ( vol um e)  di st r ibut i on wa s s imul ate d numer i call y  by
s am pl i ng t he em pir ic a l di s tr ibuti ons  a ss oci at e d wi t h ea c h re s er voi r pa r am et e r.
Res er voi r par am e te r dis tr i buti ons  c har ac t er iz e d ar e a of  cl os ure , pay t hic kne ss ,
t ra p f il l, and por os i ty va lues .  For  e ac h s uc c es sf ul pl a y re a li za t ion, the
a cc um ula ti on si z e di s tr ibuti on wa s s am pl e d and a n a cc um ula ti on si z e- 
f re que nc y dis tr i buti on obt ai ne d.  The unc ondi t iona l  m ea n s iz e -f re que nc y
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dis tr i buti on wa s  c al c ul at e d ove r al l  s uc c es sf ul and uns ucc es s ful t ri al s .  Al l
s iz e- f re que nc y dis tr i buti ons  us ed i n t he  ec onomi c a na lys is  we re 
unc ondit ional , t ha t i s, f ul ly  ri sk e d.  The  val ues  of  t he  re se r voir  pa ra m et er s 
gener a te d t o ca l cula t e ac c um ul a ti on volum es  we re  a l so us ed t o e st i ma te  the
produc ti on we ll  re cover ie s  a nd volum es  of  by- produc ts .

The  a s se ss ors  s pec if i ed de pe nde nc ie s  a mong pl a ys .  Thes e  depe ndenc ie s wer e
s ta nda rdiz e d to re pr e se nt  c or re l at ions am ong volume s  of oil  a c ross  pl ays .  The
c or re l at ions we r e us e d i n the  a ggr egat i on of  t he  pl ay si mul at ions to the
dis tr i buti on of  undi s cove r ed oi l in the 1002 a re a.  Depe ndenc y es t im at e s
a mong pl ays  a nd the s am pl i ng pr oc edure s use d f or  t he aggre ga t ion a re 
des cr i be d i n Schue nem eye r (Cha p. ME) .

The  a ggr ega ti ons  c ons ider e d in this  re por t ar e  bas e d on the r es our ce s a ss es s ed
i n the  Fede ra l 1002 a re a onl y ( excl udi ng St at e  a nd Na ti ve la nds , s ee  f i gure 
EA1).  The  pr oc e dure  us ed for t he  a ggr ega ti on al lowed one to ident if y t he 
par ti c ul ar  pl ay re al i za ti ons  t hat  r e sult e d in a spe ci fi c  f ra ct i le  va lue a ss oc i at ed
wit h, for e xa mpl e, a  volum e of  oi l.  I ndi vi dua l pl a y re a li za t ions  ca n be qui te 
var ia ble  a nd a proce dur e des cr i be d i n Schue nem eye r (Chap. M E)  f or us i ng
m ul ti ple  r e al iz a ti ons  r es ult ed in s t able  ac cum ul at i on s i ze -f r eque ncy
dis tr i buti ons  f or ea c h se t  of pla ys  that  corr e sponded t o a n a ggre gat e f ra ct i le 
e st im a te  of  1002 a re a  undi sc ove re d t ec hni ca ll y r ec ove ra ble  oi l.

Charac te ri s ti cs  of  t he As s es se d Tec hni cal ly Re cove r able  Re sourc es 

Estimates of technically recoverable oil in undiscovered accumulations in
the 1002 area range from 4.25 BBO to 11.80 BBO with a mean of 7.69
BBO.  The ranges in estimated volumes correspond to the 95 percent
probability (that is, a 19 in 20 chance of occurrence) and the 5 percent
probability level (1 in 20 chance), respectively.  Estimates of technically
recoverable non-associated gas in undiscovered gas fields range from 0 to
10.02 TCFG with a mean value of 3.48 TCFG.  Table EA1 presents play
level and total mean estimates of oil, associated gas, associated gas NGL,
non-associated gas, and non-associated NGL for the 1002 area.  The Topset
play accounts for 56 percent of total oil, and the Topset, Turbidite, and Thin-
Skinned Thrust Belt plays together account for more than 86 percent of the
total oil assessed.  Results suggest that the likelihood is very low of a single
large gas field occurring with a NGL to gas ratio sufficiently high for the
field to be developed for its liquids.  Technically recoverable oil
accumulation size-frequency distributions shown in figure EA2 convey the
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economic implications of the oil estimates.  Few small accumulations are
shown because of the elimination of accumulations having oil in-place of
less than 50 million barrels from the assessment.

Stand-alone fields as small as 120 to 150 million barrels (recoverable) are
currently under development in the central coastal areas of the North Slope.
Based on the size-frequency distribution associated with the mean estimates
of undiscovered technically recoverable oil, 3.26 BBO (42 percent) of the
assessed oil is assigned to accumulations of at least 500 million barrels.
Similarly, accumulations of at least 500 MMBO account for 1.12 BBO (26
percent) and 6.43 BBO (54 percent) of the oil shown by distributions
associated with the 95th and 5th fractile estimates, respectively (see table
EA2).  Table EA2 also shows that accumulations larger than 256 MMBO
account for 4.99 BBO (65 percent), 2.22 BBO (52 percent), and 8.52 BBO
(72 percent) of the oil associated with the mean, 95th, and 5th fractile
estimates.  Significant volumes of assessed oil are expected to be in
accumulations that will be of economic interest.

Assessment results show, at the play level, that most of the oil is expected to
be concentrated in plays located principally in the geographically confined
undeformed area (see figure EA1).  These plays - Topset, Turbidite, Wedge,
Thompson, Kemik, and Undeformed Franklinian - account for 6.46 BBO in
31 accumulations (or about 84 percent at the mean oil estimate and 88
percent of mean number of accumulations).  Overall, 6 BBO or 78 percent
oil estimated at the mean was assigned to accumulations having depths
shallower than 10,000 feet.  Less than 6 percent of the oil was assigned to
accumulations at depths greater than 15,000 feet.

The assessors were also required to describe the expected quality of the
resource, in terms of the oil gravity and contaminants of oil and gas.  The
gravity of the assessed oil is somewhat lighter than oil found near the
Prudhoe Bay area.  The differences are attributed to a variety of factors and
some are based on measurements from wells drilled at undeveloped
discoveries near the 1002 area.  The average gravity for the assessed oil was
about 30 degrees API.  There was also no indication that contaminants in the
assessed oil would present special problems (for play assessment data see
Schuenemeyer, Chap. RS).

The characteristics of the technically recoverable oil most important to the
economic analysis are the volumes of oil, the oil accumulation-size
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distribution, depth of the oil, and geographical location of the resources.
Distributions in figure EA2 and supporting data show that most of the
assessed oil in the 1002 area was assigned to accumulations sufficiently
large to be of economic interest.  Furthermore, more than three-fourths of
the oil assessed is in accumulations at depths of less than 10,000 feet.
Finally, more than 80 percent of the oil was assigned to the western part of
the 1002 area which is closest to existing infrastructure.

DATA, ASSUM PTIO NS, AND PRO CEDURE FO R THE ECONO MI C
ANALYSIS

Data

Data from the assessment simulations included accumulation size (volume
of recoverable oil, gas, and natural gas liquids), accumulation depth,
accumulation area, for oil accumulations; the oil formation volume factor
and for gas accumulations; the gas compressibility factor, initial gas pressure
and the reservoir temperature.  These data were used to develop expected
production well recoveries for various accumulation sizes and at various
depth intervals.  The simulation data were used to compute ratios of gas-to-
oil and NGL-to-natural gas by 5000-foot depth intervals.

Data were drawn from earlier economic studies of the 1002 area and
elsewhere on the North Slope (J. Broderick, Bureau of Land Management,
1992, Young and Hauser, 1986, National Petroleum Council 1981A, 1981B,
Thomas and others, 1993, Thomas and others, 1991, Han-Padron Associates,
1985).  Additional data on recent cost trends were obtained from a variety of
sources, including the North Star Development Report (British Petroleum,
1994), Alaska Pipeline Office, and the technical literature (Blount and
others, 1993, Broman and others, 1992).  Drilling cost data from the Annual
Joint Association Survey (JAS) (American Petroleum Institute 1997, 1996)
were used in formulating drilling cost estimates.  The empirical relationship
presented in Thomas and others (1993) was used to predict the water cut of
produced oil as a function of field depletion.  Details of specific cost
relationships applied in the analysis are presented in Appendix EA-B.

General Assumptions and Scope of Analysis

The economic analysis presents estimates of the incremental costs of
transforming undiscovered resources into additions to proved reserves.  Cost
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functions include the costs of finding, developing, producing and
transporting to market resources in currently undiscovered accumulations.
These functions are not the same as the economist’s market price supply
predictions because at any given price the oil and gas industry will allocate
funds over a number of provinces and sources of supply in order to meet
market demand at lowest costs.  An observed price-supply relationship
represents the culmination of numerous supplier decisions over many
projects and regions.  Incremental cost functions represent costs that are
computed independently of activities in other areas.  Furthermore, the
incremental cost functions are assumed to be time independent and should
not be confused with the firm supply functions that relate marginal cost to
production per unit time period.  Because of the time-independent nature of
the incremental cost functions and the absence of market demand conditions
in the analysis, user costs or the opportunity costs of future resource use are
not computed.  However, the incremental cost functions and the data which
underlie the functions can be used in market supply models.

Undis c over e d non-a ss oci at e d ga s  f ie l ds  we re  not eva luat e d in the e conom ic 
a na lys is  be ca us e  a  vi able  ga s m ar ke t  a ppe ar s t o be  at  l e as t t wo de ca de s  i nt o
t he  f uture .  A s uppor ti ng st udy did cons i de r t he  opti on of  t r ansport ing Nor t h
Slope  ga s t o the  s out h and s el l ing t he  ga s as  LNG t o the  Far  Ea st  (Att ana si ,
1994) .  It  conc l uded that  at  l e as t unt il  2015, Nor t h Sl ope  ga s would be  a t a 
c om pe t it ive  c os t  dis a dvant age t o ot her  e xis ti ng and pot e nt ia l  s uppli er s  t o t ha t
m ar ke t . The  US Ene rgy Depa rt me nt for ec as t  f or  2020 pr oj e ct ed no Al as ka n
nat ur a l ga s  woul d be  tr ans port e d to the c onte r mi nous Uni te d Sta te s  ( Ene rgy
I nf or m at ion Adm i ni st r at ion, 1997A, p. 61) .  I n Nor t he rn Al as ka 30 TCFG of 
a ss oc i at ed ga s has  a l re ady bee n dis c over e d tha t ca n be produc ed c hea pl y i f a 
gas  m a rket  de ve l ops.  Ass oci at e d ga s  produc ed wi th oi l i s typic al l y st r ippe d of
i ts  l i quids  a nd re -i nje ct e d int o the  oil  fi el d or use d a s fue l on the l ea se .  Som e
of the  r ec ove re d nat ura l gas  l i quids  a re  mi xe d wit h c rude oi l  a nd tr ans port e d
t hr ough Tr a ns -Al as ka  Pi pe l ine Sys te m  a nd some  ar e r e- inj ec te d a s a  m is c ible 
f luid fl ood f or  enha nce d oil  r e cove r y.

Economic Assumptions

Economic models are abstractions that characterize real economic systems
and are typically just detailed enough to roughly approximate the outcomes
of interactions between economic agents.  Only the general direction and the
approximate magnitude of the reaction of the system to price or cost change
can be modeled.  It was assumed that the industry is rational; an investment
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will not be undertaken unless the full operating costs, capital, and cost of
capital are recovered.  Values of physical and economic variables are
assumed to be known with certainty by decision makers.  It was assumed
that areas considered in the economic analysis were available to exploration
for oil.

Economic Parameters

Costs used in this analysis are assumed to represent those prevailing in
January of 1996.  Calculations were in constant real 1996  dollars.  The
discounted cash flow (DCF) analysis was specific to individual projects and
ignored minimum income taxes and tax preference items that might be
important from a corporate accounting stance.  A 12 percent after-tax
required rate of return was assumed.  Federal income tax provisions included
the changes made in 1993.  Based on the 1986 Tax Reform Act, 30 percent
of development well drilling cost is classified as tangible cost and therefore
capitalized over 7 years.  Of the remaining 70 percent of drilling cost (that
is, the intangible drilling costs), 30 percent is depreciated over 5 years and
the remaining 70 percent is expensed immediately.

Alaska State taxes include the severance, income tax, and ad valorem tax.
The severance tax depends on field and well productivity (see Appendix EA-
B for details).  Although the nominal state income tax rate is 9 percent, the
effective tax rate is set by a complex formula based on the specific firm’s
production and sales.  For planning purposes, State agencies use a rate of 1.4
to 3.0 percent of net income.  An effective tax rate of 2.2 percent is used
here.  The State’s ad valorem tax is an annual charge equivalent to 2 percent
of the economic value of equipment, facilities, and pipelines.  The Federal
corporate tax rate used in the project analysis was 35 percent.  A one-sixth
royalty was assumed to be paid to the Federal government (Young and
Hauser, 1986).

Dur ing t he  la st  t hi rt y-yea r s nom inal  oi l pri ce s  i n t he  c ont er m inous  Uni t ed
Sta te s  have  var i ed over  a  ra nge  f rom  $3 t o $40 per  ba rr e l.  Dis cus si on in t his 
r epor t  f oc use s on re s er ve  addi t ions  fr om  ne w f ie lds  whi c h mi ght  be  e xpe ct ed
wit h a n oi l  pri c e ra nge  of  $15 to $30 pe r  bar r el  i n 1996 dol l ar s.  The  oi l pri ce 
dis cus se d i s the  l anded US W es t  Coa s t pr i ce  r a ther  than the wel l- hea d pri ce .
I n the  a bs e nc e of ga s  m ar ket s t he  wel l- hea d pri ce  of  ga s wa s  a ss ume d t o be 
z er o.  The  wel l- hea d pri ce  of  na tura l  gas  li qui ds  wa s as s um ed to be  75 per ce nt
of the  per  ba rr e l pr i ce  of  c rude oi l .  Though gr aphs ma y s how a ddi ti ons  t o
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r es er ves  f or hi ghe r pri ce s , if  re al  oi l pri ce s  r is e  t o $50 pe r ba r re l, it  i s 
unr ea l is ti c  t o a ss um e  t ha t  c ons ta nt  re al  cost s  woul d hol d.  His tor ic al 
e xper i ence  ha s s hown t ha t oil  a nd ga s  pri c e inc re as e s le a d to es ca l at ion i n
i ndus t ry c a pi ta l  a nd oper a ti ng cost s  ( Kuuskr aa  a nd ot her s, 1987) .

Transportation, Infrastructure and Location Assumptions

Oil  pr oduc e d in Nort her n Ala ska  i s s hi ppe d vi a  t he  Tr ans -Ala s ka  Pi pe li ne
Sys te m  ( TAPS)  pi pe li ne to the Por t of Va l de z i n Souther n Ala s ka  f or oc e an
t anke r  t ra nspor t  t o m ar ke t .  I n 1988, TAPS tr a ns por te d a n ave ra ge  of  2.0
m il li on ba r re ls  pe r day of  oil .  For  1997, about  1.4 mi l li on ba rr e ls  pe r da y of
oil  a nd na t ur al  ga s l iqui ds we r e tr a ns por te d, so t hat  e ven now the re  i s  per haps
600,000 ba r re ls  pe r day of  unus ed c a pa ci t y.

The  1002 a r ea  wa s pa r ti ti one d i nt o t wo s ubar e as  ( s ee  f igur e  EA3)  whe r e ne w
dis cover ie s  a re  expe c te d t o ha ve roughly si mi l ar  t r ansport at i on c ost s.
Appendix EA-B di sc us s es  t he s ubar e a al l oc at i on by pla y.  W i th m ost  of  t he 
a ss es s ed oi l in the wes te r n ar e a, i t  was  as sum ed t hat  a n 85- m il e pipel i ne  a t 
l ea st  20 i nches  in di am et e r would be  bui l t fr om TAPS Pum p St a ti on 1 to a
c entr a l loc at ion i n t he  we st er n s ubar e a of  the 1002 a re a.  Tra nspor t at ion f rom 
t he  e a st er n s ubar e a as s um es  exte nsi on of  t he re giona l  pipe li ne  about  50 m il es 
t o the  e as t .  The as s um ed pi pe l ine r oute  and dis ta nce s a re  pr es ent ed i n
Appendix EA-B.

Res our ce s of the  1002 a re a  wer e  a ll oca te d t o t he  we st er n a nd ea st e rn s ubar e as 
by the  a ss e ss me nt ge ologi s ts .  Di st a nc es  fr om  the des ignat ed c entr oid points 
wit hi n t he  two s ubar e as  t o Pum p Sta t ion 1 wer e  use d f or  es ti m at ing pipe li ne 
m at er i al s a nd c ons tr uct ion i nve st me nt cos t.  A regulated common carrier
pipeline business entity is assumed to build and operate the regional pipeline
to TAPS.  Pipeline tariff charges were set to meet all operating costs, taxes
and to assure investors a 12 percent after-tax return on investment.  The
pipeline liquid flow capacity is of at least 300,000 barrels per day.  This
approach may overstate costs somewhat because a pipeline with a larger
capacity would in all likelihood result in lower unit transport costs.  Pipeline
investment cost functions originally presented in Young and Hauser (1986)
and later updated by Broderick (1992) were further adjusted to reflect the
continuing decline in pipeline costs experienced on the North Slope (see
Appendix EA-B for details).  Annual pipeline operating costs were
computed as 2 percent of the initial investment cost.  The pipeline business
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entity is assumed to be subject to all Alaska State taxes as well as Federal
taxes.

In the western subarea, a field specific smaller diameter feeder line from the
field to the regional pipeline of maximum length of 12 miles was assumed to
be built.  In the eastern subarea, the maximum length of the field specific
feeder pipeline is 16 miles.  The transportation charges of the feeder lines
depend on field reserves.  Details of the investment costs are presented in
Appendix EA-B.

TAPS tariff rate and marine transport rate to market are projected semi-
annually by the Alaska Department of Revenue.  The marine transport rate
represents the cost weighted by projected sales volumes of transporting
crude oil from Valdez to a set of destinations which include the US lower 48
West Coast, the Far East, and the US midcontinent region.  These rates are
projected on an annual basis to 2020. (Alaska Department of Revenue,
1997).  In constant real 1996 dollars, the average projected TAPS tariff for
the period is $2.72 per barrel and similarly, the marine transport cost is
$1.73 per barrel.  For the western subarea, Table EA-B1 (Appendix EA-B)
shows transportation cost for a 600 million barrel field to TAPS is $1.11 per
barrel.  Similarly, in the eastern subarea transportation cost for a 600 million
barrel field is  $1.66 per barrel.  W el l- hea d oil  pr ic es  ar e a ss um e d to be  t he
m ar ke t  oil  pr ic e  l es s  a ll  tr ans port a ti on cost s .

Explor at ion and fi el d deve lopm e nt  c ost s

Explor at ion, fi e ld de si gn, a nd fi el d deve lopm e nt  m e thods  on t he  Nort h Slope 
dif fe r  f rom  t ha t  of t he  l owe r 48 St a te s.  W il dca t dri ll i ng t ypi ca l ly oc curs  in t he
winte r  whe n temporary ice roads, ice pads, and ice airstrips can be
constructed to support drilling activities.  After the ice melts there is
generally no sign of the winter’s activity.  Sea sonal  i nst abi li ty of  t he
per ma f rost  requires construction of gravel pads to support production wells
and facilities.  Production wells are drilled directionally from the pads to
target depths and lateral locations.  Gravel drilling pads can typically support
as many as 40 well collars spaced at 10 foot intervals along with production
equipment.  Sidetrack and multilateral drilling of two or more wells using a
single well collar enable the maximum utilization of  individual drilling
pads.  The re mote nes s of the  t ar get s, the c li ma t e, a nd the  a bs e nc e of
i nf ra s tr uc t ur e i mpos e  high i ni t ia l e xplor at ion a nd de ve l opme nt cos ts  on
prospe ct s.
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For a stand-alone field, produced oil is processed at the field’s central
processing facility and the final product is transported from the periphery of
the field to TAPS.  Because developed accumulations are typically very
large and provide large payoffs in terms of the volumes of oil that
incremental increases in oil recovery can yield, operators typically introduce
technological innovations quickly.  For example, the application of extended
reach drilling has allowed production wells access to distant reaches of the
reservoir, sometimes eliminating the need for additional drill pads or
allowing satellite field development from existing drill pads.  Because of this
technology, it was assumed that any offshore accumulations of the 1002 area
that occur beneath the lagoonal areas between the shoreline and barrier
islands can be developed from onshore drilling pads.

Exploration costs

Exploration effort leading to new field discoveries is represented by the
drilling of wildcat wells.  Exploration costs are accounted for after the lease
is acquired.  Non-drilling exploration expenditures (exclusive of lease
bonuses) were assumed to amount to no more than 50 percent of the drilling
cost (Vidas and others, 1993).  Non-drilling exploration expenditures include
geologic and geophysical data collection after lease acquisition, scouting
costs, and overhead charges associated with land acquisition.  Wildcat well
drilling costs were assumed to be twice the cost of drilling production wells
in the 1002 area.2  However, for the first ten wildcat wells drilled a
minimum cost of 10 million dollars per well was assumed and the second ten
wildcat wells had a minimum cost of 8 million dollars per well.  Exploration
was evaluated in increments of 20 wildcat wells.  Act ua l  e xpl or at i on a nd
devel opm ent  c os t s de pend on si t e- spe ci fi c  c ha r ac te r is ti c s of  the prospe ct .
Pla y a na lys is  does  not pr ovi de  spec i fi c l oc at i ons, so ge ne ri c  c os t s we r e us e d.

Fie ld de ve l opme nt cos ts 

The continuing reduction in capital and operating costs for new discoveries
on the North Slope has been substantial and well documented (Nelson, 1997,
Oil and Gas Journal, 1994, Thomas and others, 1993, Harris, 1987A,
1987B).  Drilling and completion costs of production and injection wells and
                                                          
2  For example, a development well drilled to a depth of  7500 feet in the 1002 Area is estimated to cost
2.73 million dollars.  Total costs for a comparible wildcat well, including non-drilling costs that amount to
50 percent of drilling cost, are 8.19 million dollars.
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facilities’ costs constitute the two principal field development costs
categories.  To keep the discussion brief, design and cost data details are
presented in Appendix EA-B.

Field drilling costs were based on the number of wells required to develop
fields and the cost per well.  Per well drilling cost estimates were assumed to
represent long-run future costs and were estimated using data from the Joint
Association Survey (American Petroleum Institute, 1996, and 1997).  The
estimated Prudhoe Bay area drilling costs were increased by 30 percent to
compensate for a lack of infrastructure or special environmental precautions
associated with the 1002 area.  Estimated drilling and completion cost per
production well for depths to 5000 feet is $2.2 million, 5000 feet to 10000
feet $2.7 million, 10000 feet to 15000 feet $3.3 million, and depths greater
than 15000 feet $5.8 million.

The number of wells required to develop a discovery depends on well
productivity.  Expected values for the well productivity were calculated first
using the play level assessment simulated reservoir parameter values.  For
each field size and depth category, average well productivity was calculated
as the weighted average of the well productivity of the predicted fields
occurring in that classification.  Across different depth intervals well
productivity estimates varied substantially even within the same field size
category reflecting the broad variations in reservoir quality of the plays
occurring in the depth interval.  Appendix EA-B discusses the estimation
process and Table EA-B2 shows the well productivities used in the analysis.
For each production well, 0.4 injection wells (water or gas) would also be
drilled (NPC, 1981A, Young and Hauser, 1986).

Facilities include drill pads, flow lines from drilling sites, the central
processing unit, and infrastructure required for housing workers, including
amenities.  Facilities design and costs depend on peak fluid flow rates and
ultimately on the field size.  This cost category has had the most dramatic
reduction in recent years, as operators have introduced new field designs and
systems in an effort to minimize costs.  The application of technology that
resulted in extended reach and multilateral production wells has reduced the
number and size of drill pads needed for field development.  Appendix EA-
B discusses the procedure applied to recalibrate the facilities cost functions
used in earlier studies.  Table EA-B3 presents the cost estimates by field size
class that were used in this study.  Figure EA4 compares earlier cost
functions with the newly recalibrated cost function.
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As of the end of 1997, the five oil fields developed on a stand-alone basis in
Northern Alaska are Prudhoe Bay, Kuparuk, Lisburne, Milne Point, and
Endicott.  Other producing fields or producing entities, specifically, Point
McIntyre, Niakuk, North Prudhoe Bay, and West Beach use the central
processing facilities of the Lisburne field.  Development of such fields on a
satellite basis or cost sharing of new facilities by two or more discoveries
can dramatically reduce facilities costs as well as reduce the time to
production.  Actual savings are site-specific because certain facilities costs
such as drill pads, internal roads, and product transportation are location
dependent.  It was assumed that facilities sharing would, on average, result
in a 30 percent reduction in facilities investment costs (Thomas and others,
1993).  Facilities sharing was limited to fields smaller than 130 million
barrels in the western subarea only.  In the eastern subarea, the small
numbers of assessed fields and possibly greater distances between fields
make facilities sharing unlikely.

Field operating costs include labor, supervision, overhead and
administration, communications, catering, supplies, consumables, well
service and workovers, facilities maintenance and insurance, and
transportation.  Some costs, such as well workover costs have declined
because of the introduction of new materials such as coiled tubing (Oil and
Gas Journal, 1994).  Annual field operating costs were estimated as a
function of hydrocarbon and water fluid volumes (see Appendix EA-B).
These volumes were projected annually using field production forecasts and
a water cut function presented in figure EA-B3, Appendix EA-B, (Thomas
and others, 1991).  As fields are depleted the water cut increases, thereby
increasing the per barrel cost of oil.

Economic rationale for computations

Field size, depth, regional costs, and co-product ratios determine whether a
field will be commercially developable.  A new field is commercially
developable if the after-tax net present value of its development is greater
than zero.  The algorithm that calculated incremental costs used the
predicted size and depth distribution of undiscovered fields (at the subarea
level) to compute quantities of resources that are commercially developable
at various prices.  To compute finding costs, the geologic assessment is
coupled with a finding rate model (Attanasi and Bird, 1996) to forecast the
size and depth distribution of new discoveries from increments of wildcat
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drilling.  These forecasts drive the economic field development and
production process model to determine the aggregate value of new
discoveries and consequently, how many successive increments of
exploration effort should be expended.

In particular, at a given price, the commercial value of developing a
representative field from a specific field size class and depth category is
determined by the results of a discounted cashflow (DCF) analysis.  The net
after-tax cash flow consists of revenues from the production of oil less the
operating costs, capital costs in the year incurred and all taxes.  All new
discoveries of a particular size and depth category are assumed to be
developed if the representative field is found to be commercially
developable, that is the after-tax DCF is greater than zero, where the
discount rate (12 percent) represents the cost of capital and the industry's
required return.  It is assumed that when operator income declines to the sum
of direct operating costs and the operator's production-related taxes, the
economic limit rate is reached and field production stops.  Newly discovered
commercially developable fields are aggregated to provide an estimate of
potential reserves from undiscovered fields for a given price and  required
rate of return.  The results from this procedure do not imply that every field
determined to be commercially developable is worth exploring for.

The basis for the estimates of recoverable undiscovered petroleum as a
function of price is that the incremental units of exploration, development,
and production effort will not take place unless the revenues expected to be
received from the eventual production will cover the incremental costs,
including a normal return on the incremental investment.  Exploration is
assumed to continue until the incremental cost of drilling wildcat wells is
equal to or greater than the net present value of the cost of the commercially
developed fields discovered by the last increment of wildcat wells.  For the
last increment of oil and gas produced from a field, operating costs
(including production related taxes) per barrel of oil equivalent are equal to
price.

These two assumptions together imply that for the commercially
developable resources discovered by the last economic increment of wildcat
wells, that is, for those reserves found, developed and produced at the
economic margin, the sum of finding costs and development and production
costs per barrel equals the well head price.  These costs are frequently called
the marginal finding costs and the marginal development and production
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costs.  The marginal finding costs are calculated by dividing the cost of the
last increment of wildcat wells (which is approximately equal to the sum of
the after-tax net present value of all commercially developable fields
discovered in that last increment of exploration) by the amount of economic
resources discovered by the last increment of exploration.  Marginal
development and production cost per barrel (for the economic resources
discovered in that last increment of exploration) are calculated by
subtracting the marginal finding costs from the well head price.

Finding rate functions provide the critical link between the field
development costs and exploration costs.  The size, depth, and number of
undiscovered fields were computed from the geologic assessment data.
However, finding rate functions determine ordering of new discoveries and
rates at which new fields are found as a function of cumulative wildcats
drilled in a particular depth interval.  A consistent set of finding rate
coefficients could not be calculated for Northern Alaska.  A procedure for
obtaining default coefficients is described in Attanasi and Bird (1996).
Allocations of wildcat wells by depth interval were made in such a way that
for each increment of wildcat wells evaluated, the after-tax net present value
of the oil fields discovered was maximized.

I NCREM ENTAL COSTS:  RESULTS AND INTERPRETATI ON

Com me r ci al l y de vel opabl e r es our ce s

Table EA3 shows the allocations of the technically recoverable oil,
associated gas, and natural gas liquids in oil fields by subarea.  Estimates
shown are those associated with the mean, 95th fractile, and 5th fractile of
the distribution of assessed oil.  For each case, the western subarea accounts
for more than 80 percent of the oil.  Transport at i on c ost s f or  a  600 m il li on
bar re l  f ie l d ra nge  f r om  $5.57 per  ba rr el  for t he  we st er n c oa s ta l s ubar e a to
$6.11 pe r bar re l  f or  the e as te r n foothil l s s ubar e a.  So, a n $18 pe r bar re l  oil 
m ar ke t  pri c e tr a ns la t es  i nto a  wel l- hea d pri ce  of  be twee n $12.43 a nd $11.89
per  ba rr el .

Com me r ci al l y de vel opa bl e r es our ce s a re  t he ec onomi c  t ar ge t  f or  expl ora ti on.
The  a m ount  of  oi l es t im at e d to be  c omme r ci al l y de v el opabl e ( that  is ,
dev el opabl e  i f alr eady di s cove r ed) at  e a ch pr ic e i s a dir ec t  c ons eque nce  of  t he 
f ie ld si ze  di st r ibut i ons s hown in f igur e  EA2.  Ta ble  EA3 shows  t hat  e ven a t  a 
m ar ke t  pri c e of  $12 per  ba rr el  at  t he me a n and 5th f ra ct i le  e s ti ma t es , a bout  5
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per ce nt and 11 per ce nt of  as se s se d oil , r es pe c ti ve l y, i s  c om m er ci a ll y
devel opa bl e .  At  $15 pe r bar re l  ( not  s hown) , f or  t he me a n, 95th, a nd 5t h
f ra ct i le s e st im a te s, re spe ct ive ly, 2.5 BBO , 0.5 BBO, a nd 5.3 BBO i s
c om me r ci al l y de vel opa bl e.  By $18 pe r ba r re l a bout  60 pe rc ent  of t he  oi l
a ss es s ed a t  t he  me an, 70 per ce nt of  the oil  a t  5th f ra ct i le , a nd 48 per c ent of the 
oil  a s se ss e d at  the 95t h f ra ct i le  i s  c om m er ci a ll y devel opa bl e .  The qua nt it y of
c om me r ci al l y de vel opa bl e oil  a ppr oa c he s t he  a s se ss e d te c hnic a ll y r ec ove ra bl e 
oil  a s  t he  mi ni m um  e c onom i c com me rc i al ly de ve l opabl e fi e lds bec om e 
s ma ll e r.

For  a  ma rke t cr ude  oi l pr i ce  of  $15 pe r bar re l , the  m ini mum c om me r ci al l y
devel opa bl e  f ie l d is  a bout  0.5 BBO f or fi e lds i n the  wes t er n s ubar e a to de pt hs 
of 10,000 f ee t.  Dee per  f i el ds  of  t hat  s i ze  r e quir e  one  or  t wo dol la rs  more  to be 
c om me r ci al l y de vel opa bl e i n the  wes t er n s ubar e a.  I n the  e as t er n s ubar e a, a 
0.5 BBO is  not c om me r ci al l y de vel opa bl e unt il  the m ar ke t  pri c e is  $16 per 
bar re l  i f i ts  de pt h i s 10,000 f ee t or le s s.  Beyond 10,000 f e et  t he ea s te rn
s ubar e a thr es hol d pr i ce  i ncr ea s es  t o $20 pe r bar re l .  De ve lopme nt  we ll 
produc ti vi t y es t im at e s shown i n Table  EA-B2 indi c at e t ha t pla ys  pr es e nt  a t 
t he se  de pt hs we r e inf er ior  i n t er ms  of  r e se rvoir  qual it y t o pla ys  oc cur ri ng at 
depths  of l es s t ha n 10,000 f ee t .  Cost s f or  t hes e dee pe r  f ie l ds  not onl y es c al at e 
bec aus e of  hi ghe r pe r  wel l  dri l li ng cost s , but  be ca us e  of i nf er i or  we ll 
produc ti vi t y.  Howeve r, l e ss  t han one- fourt h of as s es se d oil  wa s a ss igned t o
depths  dee per  t han 10,000 fe et .

At $18 per  ba rr e l, f i el ds  in both s ubar e as  of  a t l ea st  260 m il li on ba r re ls  and
l es s t ha n 10,000 f ee t  a re  comm e rc ia l ly de ve lopable .  It  is  a s sume d t ha t f ie lds 
i n the  wes t er n s ubar e a sm a ll er  than 130 m il li on ba r re ls  ca n be de vel ope d as 
s at el l it e uni ts  of  ot he r f ie lds  by par ti c ipat i ng i n f ac i li ti e s sha ri ng.  The 
t hr es hol d pri ce  that  woul d a ll ow com me rc i al  de ve lopme nt  of  r e sour c es 
a lr ea dy ide nt if i ed i n sa t el li t e fi e lds bet we e n 64 an 130 mi l li on ba rr e ls  ( a t le s s
t ha n 10,000 f ee t ) is  $23 per  ba rr el .  Wi t hout  fa ci l it ie s  s ha r ing, thes e  f ie l ds 
m ight  be com e com me rc i al ly de ve l opabl e at  $26 per  ba rr el .

I nc re m ental  c os t s:  f i nding, de vel opm ent, pr oduct ion and tr ans port ati on

The  f ull  c ost s i nc lude fi ndi ng, deve lopm e nt , produc ti on and i n the  c as e  of
Nor the rn Al as ka , t ra nspor t at ion c os t s.  I nc re m enta l  c os t s ar e  l inked t o
devel opm ent , pr oduct i on, a nd t r ansport at i on c ost  by f inding r at e f unct i ons
t ha t pre di c t the  dis c over y s iz e  dis t ri but ions  ge ne r at ed by i ncr em e nt s of
wil dc a t we l ls .  Appendix EA-C pr es e nt s t he  s t ruct ure  of  t he  mode l  a nd it s
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a ppli c at ion.  Comput a ti ons  wer e  bas e d on succ e ss ive  i nc r em ent s of  20
wil dc a t we l ls .  Figur e  EA5 pr es e nt s t he  i ncr em e nt al  cost  func t ions  for c rude 
oil  f or the  1002 a re a  bas e d on the undis c over e d fi e ld s i ze  di st ri but ions
a ss oc i at ed wi th the 95t h f ra ct i le , t he  m e an, a nd 5t h f ra ct i le  e s ti ma t es .  Table 
EA4 summ a ri ze s  t he  s ubar e a and province  es ti m at es  of  i ncr em e nt al  cost s ,
e xpec t ed r e se rve  a ddi ti ons , num be r of ec onomi c  wil dca t wel ls , a nd fi ndi ng
c os ts .  Al ong wi th c r ude oil , t he  t a bl e s hows  the a ss oc i at ed ga s a nd a s soci a te d
gas  l i quids  i n devel opa bl e  oil  di sc ove ri e s.

Exa mi nat ion of t he  t a bl e a ll ows  one  to c omput e  t he  oi l f indi ng ra t e im pli ed by
t he  m ode l par am e te rs .  The  t abl e shows , a t the  m ea n a n a ve ra ge fi ndi ng ra te 
f or  t he fi r st  120 wi l dc at  we ll s  ( at  $18 per  ba rr el )  i s a bout  20 m i ll ion bar r el s
per  we ll .  For t he  s e cond 120 wel ls  the a ve ra ge fi ndi ng ra te  de cl i ne s r apidl y to
a bout  13 m i ll ion bar r el s per  wi ldca t  wel l .3  Bas ed on a  compi la ti on of  da ta 
f rom t he  r e ce nt l y publi she d li t er at ure  a nd ot her  s our ce s  a nd wi ldc at  we ll 
c ount s  f rom  Pet r ol eum  I nf orm at i on I nc. f r om  1981 t hrough 1990, the 
dis cover y r at e ( re pr e se nt i ng r oughl y 50 wil dc a t we l ls  a f te r a bout  160 wil dc a ts 
wer e dri ll e d thr ough 1980)  f or  the r es t of the  Nor t h Sl ope  wa s es t im at e d to be 
18 to 20 m i ll ion bar r el s per  wi ldca t  wel l .  The fi ndi ng ra te s  pre dic te d i n t hi s
a na lys is  a r e not  out s ide of hi s tori c al  e xpe ri e nc e.  Tec hnologic al  adva nce s t ha t
have occ ur r ed i n t he  la st  de ca de ha ve undoubt e dl y i mproved di sc ove ry
e ff ic i ency and e nhanc ed f i nding r at e s.

Figur e  EA5 shows , ra t he r dra ma t ic al l y, t he di f fe re nce s i n inc re me nta l c os ts 
t ha t r es ul t  f rom  t he  di ff e re nt  fr equency- si ze  di st r ibut i ons a ss oc i at ed wi th
e st im a te s of the  95t h f ra ct i le , t he  m e an, a nd 5t h f ra ct i le  of  t he  1002 ar ea  oi l
dis tr i buti on.  As not ed e a rl ie r , not  onl y i s t he  95th f ra ct i le  e s ti ma t e sm a ll er  in
t he  volume  of  oi l as s es se d but  the oil  i s  dis t ri but ed i n s ma l le r f ie lds  t ha t  i n
m any c as es  ar e not  only ha rder  to f i nd but ma y not  even be  c omm er c ia ll y
devel opa bl e .  The thr es hol d pr i ce s a t whi ch wi ldca t  dri l li ng and devel opm ent 
s ta rt s  a re  $18.90 pe r  bar r el  f or the  95t h f ra ct i le  di st ri but ion, $15.30 per  ba rr el 
of the  dis t ri but ion a ss oc i at ed wi th the m ea n, and $13.40 per  ba rr e l for  t he 
dis tr i buti on as s oc ia t ed wi th t he 5t h f ra ct i le  e s ti ma t es .  Fur the rm or e , be c ause 
s uc h a  l ar ge pr oport i on of  t he  oi l a ss oc i at ed wi th the m ea n a nd 5t h f ra ct i le 
dis tr i buti ons  i s  i n l ar ge  fi el ds (gr ea te r  t ha n 500 mi ll i on ba rr el s , se e  Tabl e
EA2), the i nc re m enta l  c os t  f unc ti ons  s how l ar ge addit ions to re se r ve s a s

                                                          
3 U sing the mea n dis tribution, a t $21 pe r barre l 240 wildc at w e lls w ould be  e c onomic to drill a mounting to a 
drilling de ns ity of 1 w ildca t w ell for 10 s qua re  mile s.  Finding ra te ca lcula tions  ma de  from the data pre se nte d
in Ta ble  EA 4 are  c onfounde d by changing e conomic  c onditions.  H ow e ve r, disc ove ry size s  reported by
governme nt or industry are  a ls o a ffe cted by prevailing e conomic  c onditions.



EA-23

pri ce s  i ni t ia ll y i nc r ea se  be yond the  t hr e shol d pri c e at  whic h e xpl or at i on i s 
i ni ti a te d.  Dis c over y r at e s de c li ne  ra the r ra pidly af te r  t he  init i al  i ncr em e nt s of
wil dc a t dr i ll ing a re  compl et ed and t he  l a rge l ow c ost  di sc ove ri es  ar e deple t ed.

For  t he me a n and 5th f ra ct i le  di st ri but ions at  $18 per  ba rr el , 2.40 BBO and
6.15 BBO a r e ec onomi c  t o f ind, de ve l op, produc e, a nd tr a ns por t to ma rke ts .
Thi s a mount s to 31 pe rc ent  a nd ha lf  of  t he tot al  volume  of  oi l tha t wa s 
a ss es s ed a t  t he s e re s pe ct i ve  e s ti ma t es .  At  $30 pe r  bar r el , 82 pe r ce nt  of  t he
a ss es s ed oi l for  t he  me an, 89 per ce nt of  the 5th f ra ct i le  e s ti ma t e, a nd 70
per ce nt of  the a ss es s ed oi l for  t he  95th f ra ct i le  e s ti ma t es  i s  e conom ic .  Tabl e
EA4 shows , a s m ight  ha ve  be en expe c te d f rom t he  ge ol ogi c as s es sm e nt , t ha t
t he  e a st er n s ubar e a al ways has  a  hi ghe r thr es hol d cos t at  whic h e xpl or at i on i s 
i ni ti a te d t ha n t he  we st er n s ubar e a.

The  a nal ys i s wa s  r epe at ed us ing t he  undi s cove r ed f i el d s iz e dis tr i buti on
c or re s pondi ng t o t he  me an oi l e st imate  as sum ing a lt er nat ive ly a n 8 pe rc ent 
a nd 16 per c ent r equi r ed r e turn.  Re duc ing t he  re qui re d r et ur n t o a n af t er -t a x
r at e of 8 per ce nt inc re as e d the  vol ume  of  e conom ic  oi l a va il a bl e a t $18 per 
bar re l  by 1.0 BBO and r educe d t he  t hre shold pr ic e a t whi ch e xpl or a ti on
bec om e s ec onomi c  f rom  $16 to $14 pe r  bar r el .  Incr e as ing t he  re qui re d r et ur n
t o 16 pe rc e nt  r e sult e d in a re duc ti on of  ec onomi c oil  a t  $18 pe r bar re l  by
a bout  1.1 BBO a nd an incr e as e i n the  pri c e at  whic h e xpl or at i on be come s 
e conom ic  f r om  $16 to $17 per  ba rr el . Hur dle  r a te  c hange s  a ff e ct  m i ni mum 
c om me r ci al l y de vel opa bl e f ie ld si ze , a nd by c hangi ng ma r gi na l  c om m er ci a l
val ue  of  ne w di s cove r ie s a ff ec t s the  num ber  of  wil dca t wel ls  that  ca n be
dri ll e d pr ofi ta bly.  As  i ncr em e nt al  cost s  i nc r ea se , a bs olute  and r el at i ve 
dif fe r ence s  i n t he  e s ti ma t es  of  t he  volum es  of  e conom ic  oi l t end t o de c li ne 
( se e f igur e  EA6) .

To sum ma ri z e, t he as s es se d f ie l d si z e di s tr ibuti ons  a ss oci at e d wi t h the  m ea n,
95t h, and 5th f ra ct i le  e s ti ma t es , r es pe c ti ve l y, t o a  l a rge par t det er m ine t he 
t hr es hol d pri ce s  a t whi ch the e xplor at ion c an be  i nit ia t ed, a s we l l as , t he 
pos it i on a nd sha pe  of  t he  incr e me nt a l cos t funct ions shown i n Figure  EA5.
Est im a te s r epre s enti ng la r ge r vol um e s of  te chnic al l y re c over a bl e oil  ge ne ra l ly
have f ie ld si ze  di st r ibut i ons wit h gre at e r pr oport i ons of the  r es our ce s  a ss i gned
t o la r ge  f i el ds  that  typi c al ly ha ve  lowe r  deve lopm e nt  c ost s a nd a r e found e a rl y
i n the  e xpl or at i on pr oc es s .  I n a n e nvir onm ent  s uc h a s t he  Nort h Slope  wher e 
m inim um com me rc i al  f i el d s iz e i s la r ge , s uc h dif fe r ence s  i n f ie ld si ze 
dis tr i buti ons  m a gnif y dif f er enc es  i n e st i ma te s  of e conom ic al l y re c over a bl e oil 
beyond wha t  woul d be  expe c te d by di f fe re nt vol um es .  The  r el a ti ve  ef fe c ts  of 
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a lt er nat ive  hur dle  r a te s wer e m os t not ic e able  at  t he lower  i ncr em e nt al  cost 
l evel s  but  di mi nis he d a s m ar ke t  pri c es  a ppr oa c he d $30 pe r ba r re l.
Com put at ions ba s ed on t he  fi el d s iz e  dis t ri but ion c or re s pondi ng t o t he  me an
e st im a te  s howed that  by a c ce pt i ng a  one- t hi rd re duc ti on in r a te  of  r e turn (t o 8
per ce nt.), expl ora ti on be c om es  ec onomi c a t thr es hol d ma r ke t pri ce s  a s l ow a s 
$14 pe r ba r re l.

CONCLUSI ONS AND LI MI TATIO NS

Tec hni ca ll y r ec ove ra ble  r e sour c es  a s se ss e d for  t he  1002 ar ea  at  t he 95t h and
5th f ra ct i le s e st im a te s wer e 4.25 BBO a nd 11.80 BBO, r e spec t ivel y.  The
m ea n t ec hni ca ll y r ec ove ra ble  oi l am ounte d t o t he  7.69 BBO.  Undis c over e d
s iz e- f re que nc y dis tr i buti ons  c orr es pondi ng to the 95t h f ra ct i le , t he  m e an, a nd
5th f ra ct i le  e s ti ma t es  s howed fi el ds wi t h at  le as t  260 mi ll i on ba rr el s 
a cc ounti ng for 2.21 BBO, 4.97 BBO, a nd 8.52 BBO, r e spec t ivel y.
Conse que nt l y, m ost  of  t he  oi l r es our ce s a ss es s ed wi ll  be  i n f ie ld si ze s  of
e conom ic  i nte re s t.

I nc re m enta l  c os t s inc lude  the f ul l c os ts  of  f i nding, de v el opi ng, produc ing, and
t rans por ti ng oi l  t o mar ke t .  At  incr e me nt a l cos ts  of  $18 pe r bar re l , 2.4 BBO
a ss oc i at ed wi th the m ea n a nd 6.2 BBO a ss oci at e d wi t h the  5th f ra ct i le  i s 
e conom ic  t o f ind, de vel op, produc e, and t ra ns por t t o ma r ke t.  Bas e d on the
f ie ld si ze  di st r ibut i on a s soci a te d wit h t he  95th f ra ct i le  e s ti ma t e, f ull  c ost s wil l
not  be  m et  unti l  m ar ket  pr ic es  exce e d $18.90 per  ba rr el .  Be c ause  most  of  t he
r es our ce s a ss igned t he me a n and 5th f ra ct i le  e s ti ma t es  we re  i n l ar ge
a cc um ula ti ons , t he  a s soci a te d i nc re m enta l  c os t  f unc ti ons  s howed l a rge
a ddit i ons t o re s er ve s  a s m ar ke t  pri c es  i ncr ea s e above  t hre shold pr ic es  of  $16
a nd $14 pe r  bar r el , r es pe c ti ve l y.  At a m ar ke t  pri c e of  $24 per  ba rr el  2.0 BBO
or 48 pe rc e nt  of  t he  oi l a ss es s ed a t  t he  95th f ra ct i le  i s  e conom ic .  Si m il ar l y,
f or  t he me a n es t im at e , 5.2 or 68 pe r ce nt  of  t he as s es se d oil  is  e c onom i c and
f or  t he 5t h f ra ct i le  e s ti ma t e 9.4 BBO or  79 per c ent of the  a ss e ss ed oi l i s
e conom ic .  It  i s  i mport ant  t o kee p i n mi nd tha t wi t h onl y one  s et  of 
e xc ept ions 4, a cc umula t ions  we re  eval uat ed as  s t anda l one f ie lds .  I n t he 
wes te r n s ubar e a, i t  i s l ikel y t ha t  f ie l ds  c oul d i nc lude mor e tha n a s ingl e 
a cc um ula ti on and t hus  our  es ti m at es  of  de ve lopme nt  cost s  wil l  ove r st at e 
a ct ua l  c os t s.

                                                          
4 The single exception was for accumulations smaller than 130 million barrels fields in the western subarea
were assumed to be developable as satellite fields.



EA-25

The 1002 area accounts for 1.55 million acres of the more than 19 million
acres of the Arctic National Wildlife Refuge.  It is approximately 104 miles
long with a maximum width of 33 miles and a minimum width of 16 miles
(Department of Interior, 1986).  The western border of the 1002 area is
approximately 50 miles due east of the Trans-Alaska pipeline. The geologic
assessment has represented a significant change in viewpoint from the 1987
study and from later studies associated with US Geological Survey National
Oil and Gas Assessments.  Until a systematic subsurface evaluation is
accomplished, uncertainty about the size and nature of the resource will
remain significant.  There are also important sources of uncertainty attached
to the economic evaluation of the resources by virtue of the many
assumptions that were required.  Furthermore, wide variations in world oil
prices increase the risks of investing in high cost areas such as the North
Slope that are beyond the scope of this analysis to capture.

This analysis was time independent.  At recently prevailing rates of wildcat
drilling for the North Slope it could take perhaps a decade to drill the
number of well increments that might be economic at an incremental cost of
$18 per barrel for either the mean estimate or 5th fractile estimate.  During
that time additional improvements in technology could lower costs further.
Alternatively, any attempt to rapidly increase drilling rates would
undoubtedly drive up drilling rig day rates and cause increasing costs,
voiding a central assumption in this analysis of constant real costs.  The
incremental cost functions do not show what the industry will do but what is
possible given that the volumes and distribution of resources occur and
economic assumptions match reality.
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Figure  EA1. Map of  Northeastern Alaska showing the1002 area location in relation to the  Arctic National 
Wildlife Refuge and the Undeformed and Deformed areas of the 1002 area.  Petroleum plays principally in 
the Undeformed area are the Topset, Turbidite, Wedge, Thomson, Kemik, and Undeformed Franklinian.  
Plays principally in the Deformed area include the Thin-Skinnned Thrust Belt, Ellesmerian Thrust Belt, 
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Figure EA2. Size frequency distribution of undiscovered conventional oil accumulations associated with the 
95th fractile estimate, the mean estimate, and the 5th fractile estimate of the assessed distribution of 
undiscovered oil for the 1002 area.
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 producing, and transporting crude oil from undiscovered fields in the
 1002 area of Northern Alaska to market.
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Figure EA6.  Incremental costs, in dollars per barrel, of finding, developing,
 producing, and transporting crude oil from undiscovered fields in the
 1002 area of Northern Alaska based based on required rates of return
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Figure EA-B2.  Pipeline investment cost estimates for the regional pipeline as a function of distance.  
Function updated from Broderick (1992).  The discontinuity in the function at 80 miles of length indicates 
a requirement for an intermediate pump station. 
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Figure EA-B3.  Percentage of water in production stream as a function of reservoir depletion. Data are 
from Thomas and others (1991).
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Figure EA-B4.  Annual operation costs as a function of  average daily fluid production rates in thousands 
of barrels per day. Data are in 1996 dollars.  See Appendix EA-B for a description of the cost estimation 
procedures.
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Figure EA-C1.  Incremental costs, in dollars per barrel, of finding, developing,
 producing, and transporting crude oil from undiscovered fields in the 1002 area
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Table EA1.  Mean value of undiscovered technically recoverable
conventional oil, natural gas, and natural gas liquids (NGL) in the
1002 area of the Arctic National Wildlife Refuge as of January 1998.
[BBO, billions of barrels of oil; TCFG, trillions of cubic feet gas,
BBL, billions of barrels of NGL]

      Area/Play Name               Oil Fields              Gas Fields
                                  Oil      Gas    NGL     Gas      NGL
                                 (BBO)   (TCFG)  (BBL)  (TCFG)    (BBL)
      Undeformed
      Topset                      4.325  1.193  0.010    0.000    0.000
      Turbidite                   1.279  1.120  0.065    0.000    0.000
      Wedge                       0.438  0.226  0.005    0.000    0.000
      Thomson                     0.246  0.314  0.026    0.156    0.013
      Kemik                       0.047  0.060  0.005    0.056    0.005
      Undeformed Franklinian      0.085  0.150  0.015    0.150    0.014
       Subtotal                   6.420  3.063  0.127    0.361    0.032
      Deformed
      Thin-Skinned Thrust Belt    1.038  0.283  0.003    1.325    0.014
      Ellesmerian Thrust Belt     0.000  0.000  0.000    0.876    0.018
      Deformed Franklinian        0.046  0.044  0.003    0.816    0.043
      Niguanak/Aurora             0.183  0.168  0.010    0.105    0.006
       Subtotal                   1.267  0.496  0.016    3.121    0.080
      Total 1002 area             7.687  3.558  0.143    3.483    0.112
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Table EA2.  Distribution of Assessed 1002 area Resources of Crude Oil.
Crude oil volumes are based on field size distributions associated with
the estimates of undiscovered oil at the 95th fractile, the mean, and
the 5th fractile.

   Class   Oil Field Cumulative Percentage
  Number     Size        95TH    MEAN      5TH
             (MMBO)   (PERCENT)(PERCENT) (PERCENT)
    18 4096-8192    0.00     0.56     1.36
    17 2048-4096    1.39     5.90    12.60
    16 1024-2048    7.83    20.82    31.34
    15 512-1024    26.30    42.43    54.49
    14 256-512     52.18    64.87    72.19
    13 128-256     77.29    83.84    87.36
    12 64-128      93.29    94.94    96.26
    11 32-64       98.77    99.11    99.28
    10 16-32       99.97    99.98    99.98
     9 8-16       100.00   100.00   100.00
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Table EA3.  Technically recoverable and commercially developable oil and natural
gas
liquids (NGL) in the 1002 area by subareas. Commercially developable oil based on
$12,$18, and $24 dollar per barrel market prices. [BBO-billions of barrels of oil,
TCFG-trillions of cubic feet of gas, BBL-billions of barrels of NGL, Asc. gas-
Associated gas]

         Technically
         Recoverable        $12/bbl            $18/bbl            $24/bbl
Subarea   Crude  Asc.        Crude  Asc.       Crude Asc.         Crude Asc.
Estimate   oil   gas   NGL    oil   gas  NGL    oil  gas    NGL     oil   gas  NGL

    (BBO)(TCFG) (BBL)  (BBO)(TCFG) (BBL)  (BBO)(TCFG) (BBL)  (BBO)(TCFG)
(BBL)
95th Fractile
western   3.46  1.98  0.10   0.00  0.00  0.00   1.60  0.71  0.02   3.05  1.60  0.07
eastern   0.80  0.30  0.01   0.00  0.00  0.00   0.46  0.15  0.00   0.64  0.22  0.01
Total     4.25  2.28  0.11   0.00  0.00  0.00   2.06  0.86  0.03   3.69  1.82  0.08
Mean values
western   6.13  3.00  0.13   0.32  0.10  0.00   3.65  1.41  0.04   5.38  2.38  0.09
eastern   1.56  0.55  0.01   0.06  0.01  0.00   1.07  0.33  0.01   1.37  0.46  0.01
Total     7.69  3.55  0.14   0.38  0.11  0.00   4.72  1.73  0.04   6.75  2.85  0.10
5th Fractile
western   9.40  4.37  0.16   1.03  0.34  0.00   6.45  2.60  0.08   8.53  3.66  0.12
eastern   2.40  0.79  0.02   0.22  0.05  0.00   1.88  0.59  0.01   2.16  0.68  0.01
Total    11.80  5.16  0.18   1.25  0.39  0.01   8.32  3.19  0.08  10.69  4.34  0.13
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Table EA4.  Incremental cost of finding, developing, producing, and transporting oil and natural gas liquids (NGL)
from undiscovered oil fields in the 1002 area of the Arctic National Wildlife Refuge and associated wildcat
wells and finding costs. [BBO-billions of barrels of oil, TCFG-trillions of cubic feet of gas, BBL-billions of
barrels of NGL, Asc. gas-Associated gas]

             95TH FRACTILE ESTIMATE              MEAN ESTIMATE                       5TH FRACTILE ESTIMATE
             Crude  Asc.        Wildcat Finding  Crude  Asc.        Wildcat Finding  Crude  Asc.         Wildcat Finding
Subarea Cost   Oil    Gas    NGL  Wells  Cost    Oil    Gas    NGL   Wells   Cost    Oil    Gas    NGL    Wells  Cost
       ($/bbl)(BBO) (TCFG)  (BBL)        ($/bbl) (BBO)  (TCFG)  (BBL)        ($/bbl) (BBO)  (TCFG)  (BBL)        ($/bbl)
Western  12   0.00   0.00   0.00      0   0.00    0.00   0.00   0.00      0   0.00    0.00   0.00   0.00      0   0.00
         15   0.00   0.00   0.00      0   0.00    0.00   0.00   0.00      0   0.00    2.69   0.84   0.01     80   0.32
         18   0.00   0.00   0.00      0   0.00    2.40   0.78   0.01    120   0.55    5.27   1.94   0.04    180   0.61
         21   1.03   0.43   0.01     80   0.68    3.50   1.31   0.03    180   0.77    6.56   2.50   0.06    240   0.88
         24   2.03   1.04   0.04    160   0.94    4.45   1.89   0.07    240   0.98    7.69   3.20   0.10    300   1.07
         27   2.45   1.35   0.06    220   1.39    5.03   2.33   0.09    300   1.39    8.29   3.68   0.13    360   1.53
         30   2.63   1.47   0.07    260   1.87    5.22   2.45   0.10    340   1.91    8.47   3.79   0.13    400   2.16
Eastern  12   0.00   0.00   0.00      0   0.00    0.00   0.00   0.00      0   0.00    0.00   0.00   0.00      0   0.00
         15   0.00   0.00   0.00      0   0.00    0.00   0.00   0.00      0   0.00    0.00   0.00   0.00      0   0.00
         18   0.00   0.00   0.00      0   0.00    0.00   0.00   0.00      0   0.00    0.87   0.27   0.01     60   0.59
         21   0.00   0.00   0.00      0   0.00    0.49   0.12   0.00     60   1.05    1.35   0.42   0.01    120   1.13
         24   0.00   0.00   0.00      0   0.00    0.80   0.24   0.00    100   1.26    1.69   0.52   0.01    160   1.49
         27   0.29   0.10   0.00     60   1.80    1.02   0.32   0.01    140   1.73    1.87   0.59   0.01    180   1.71
         30   0.35   0.13   0.00     80   2.05    1.09   0.35   0.01    160   2.09    2.00   0.63   0.01    220   2.39
Total    12   0.00   0.00   0.00      0   0.00    0.00   0.00   0.00      0   0.00    0.00   0.00   0.00      0   0.00
         15   0.00   0.00   0.00      0   0.00    0.00   0.00   0.00      0   0.00    2.69   0.84   0.01     80   0.32
         18   0.00   0.00   0.00      0   0.00    2.40   0.78   0.01    120   0.55    6.15   2.21   0.05    240   0.61
         21   1.03   0.43   0.01     80   0.68    3.99   1.43   0.04    240   0.80    7.91   2.92   0.07    360   0.92
         24   2.03   1.04   0.04    160   0.94    5.24   2.13   0.07    340   1.02    9.37   3.72   0.11    460   1.14
         27   2.74   1.46   0.07    280   1.43    6.05   2.65   0.10    440   1.44   10.16   4.27   0.14    540   1.56
         30   2.98   1.60   0.07    340   1.89    6.30   2.79   0.10    500   1.94   10.47   4.42   0.14    620   2.20
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Appendix EA-A. Tables showing volumes of undiscovered technically recoverable
hydrocarbons estimated at the mean, 95th and 5th fractile estimates of the
distribution for the 1002 area allocated to the western and eastern subareas.

Table EA-A1.  Volumes of undiscovered technically recoverable
conventional oil, natural gas, and natural gas liquids (NGL) in the
western and eastern subareas of the 1002 area of the Arctic National
Wildlife Refuge as of January 1998 based on the mean estimate of the
assessed oil in the 1002 area.  [BBO, billions of barrels of oil; TCFG,
trillions of cubic feet gas, BBL, billions of barrels of NGL]

Area/Play Name          Oil Fields              Gas Fields                                
    Oil      Gas    NGL     Gas      NGL

               (BBO)    (TCFG)  (BBL)   (TCFG)    (BBL)
Western subarea
Topset                3.707    1.022    0.008    0.000    0.000
Turbidite             1.279    1.120    0.065    0.000    0.000
Wedge                 0.438    0.226    0.005    0.000    0.000
Thomson               0.246    0.314    0.026    0.156    0.013
Kemik                 0.047    0.060    0.005    0.056    0.005
Undeformed Franklinian   0.085    0.150    0.015    0.150    0.014
Thin-Skinned Thrust Belt l.288    0.079    0.001    0.368    0.004
Ellesmerian           0.000    0.000    0.000    0.088    0.002
Deformed Franklinian  0.041    0.040    0.003    0.734    0.039
Subtotal                 6.132    3.011    0.129    1.551    0.076
Eastern subarea
Topset                0.618    0.170    0.001    0.000    0.000
Thin-Skinned Thrust Belt 0.750    0.205    0.002    0.957    0.010
Ellesmerian Thrust Belt  0.000    0.000    0.000    0.788    0.016
Deformed Franklinian  0.005    0.004    0.000    0.082    0.004
Niguanak/Aurora       0.183    0.168    0.010    0.105    0.006
 Subtotal                1.555    0.548    0.014    1.931    0.036
TOTAL 1002 area       7.687    3.558    0.143    3.483    0.112
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Appendix EA-A. Tables showing mean, 95th and 5th fractile estimates of 1002 area to
western and eastern subareas - Continued

Table EA-A2.  Volumes of undiscovered technically recoverable
conventional oil, natural gas, and natural gas liquids(NGL)in the
western and eastern subareas of the 1002 area of the Arctic National
Wildlife Refuge as of January 1998 based on the 95th fractile estimate
of the assessed oil in the 1002 area. [BBO, billions of barrels of oil;
TCFG, trillions of cubic feet gas, BBL, billions of barrels of NGL]

Area/Play Name           Oil Fields              Gas Fields
     Oil      Gas    NGL     Gas      NGL

                (BBO)    (TCFG)  (BBL)   (TCFG)    (BBL)
Western subarea
Topset                1.795    0.499    0.004    0.000    0.000
Turbidite             1.026    0.892    0.051    0.000    0.000
Wedge                 0.206    0.116    0.003    0.000    0.000
Thomson               0.157    0.200    0.017    0.000    0.000
Kemik                 0.016    0.023    0.002    0.051    0.004
Undeformed Franklinian   0.083    0.178    0.018    0.155    0.014
Thin-Skinned Thrust Belt 0.138    0.035    0.000    0.325    0.003
Ellesmerian Thrust Belt  0.000    0.000    0.000    0.093    0.003
Deformed Franklininian   0.035    0.039    0.003    1.049    0.076
Subtotal              3.456    1.981    0.099    1.673    0.099
Eastern subarea
Topset                0.299    0.083    0.001    0.000    0.000
Thin-skinned Thrust Belt 0.358    0.090    0.001    0.845    0.009
Ellesmerian Thrust Belt  0.000    0.000    0.000    0.834    0.025
Deformed Franklinian    0.004    0.004    0.000    0.117    0.008
Niguanak/Aurora       0.137    0.124    0.007    0.005    0.000
Subtotal              0.799    0.301    0.009    1.799    0.043
TOTAL                 4.254    2.282    0.107    3.472    0.142
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Appendix EA-A. Tables showing mean, 95th, and 5th fractile estimates of 1002 area to
western and eastern subareas –continued.

Table EA-A3.  Volumes of undiscovered technically recoverable
conventional oil, natural gas, and natural gas liquids(NGL)in the
western and eastern subareas of the 1002 area of the Arctic National
Wildlife Refuge as of January 1998 based on the 5th fractile estimate
of the assessed oil in the 1002 area. [BBO, billions of barrels of oil;
TCFG, trillions of cubic feet gas, BBL, billions of barrels of NGL]

Area/Play Name          Oil Fields              Gas Fields
    Oil      Gas    NGL     Gas      NGL

               (BBO)    (TCFG)  (BBL)   (TCFG)    (BBL)
Western subarea
Topset                5.978    1.732    0.016    0.000    0.000
Turbidite             1.751    1.542    0.089    0.000    0.000
Wedge                 0.804    0.410    0.009    0.000    0.000
Thomson               0.252    0.310    0.026    0.155    0.012
Kemik                 0.034    0.036    0.002    0.138    0.011
Undeformed Franklinian   0.109    0.206    0.020    0.165    0.016
Thin-Skinned Thrust Belt 0.472    0.132    0.002    0.425    0.005
Ellesmerian Thrust Belt  0.000    0.000    0.000    0.128    0.002
Deformed Franklinian    0.000    0.000    0.000    0.210    0.021
 Subtotal  9.399    4.369    0.165    1.220    0.068
Eastern subarea
Topset                0.996    0.289    0.003    0.000    0.000
Thin-skinned Thrust Belt 1.228    0.343    0.004    1.104    0.013
Ellesmerian Thrust Belt  0.000    0.000    0.000    1.154    0.022
Deformed Franklinian    0.000    0.000    0.000    0.023    0.002
Niguanak/Aurora       0.176    0.155    0.009    0.004    0.000
 Subtotal  2.400    0.787    0.015    2.285    0.038
TOTAL                   11.799    5.156    0.180    3.505    0.106
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Appendix EA-B. Documentation of costs

Product transportation costs

The  1002 a r ea  wa s pa r ti ti one d i nt o t wo s ubar e as  ( s ee  f igur e  EA3)  i n order  to
m or e a cc ur a te ly es ti m at e t ra ns por ta t ion c os ts  to TAPS.  As se s se d r es our ce s of
t he  1002 a r ea  we re  a s si gne d by pl ay to t he two s ubar e as .  In pa rt ic ula r, t he 
wes te r n s ubar e a ac c ount e d for  86 per ce nt of  the r es our ce s of the  Topse t  Pla y,
a ll  t he Tur bi dit e, We dge , Thoms on, Kem ik, Undef orm ed Fra nkl inia n, 28
per ce nt of  the Thi n- Ski nne d Thr us t- Bel t, 10 pe rc ent  Ell es m er ia n a nd 90
per ce nt of  the Def or m ed Fra nkl inia n.  Al te rna ti ve l y, t he ea s te rn s ubar e a
a cc ounte d f or  14 per c ent of the  r es our ce s  i n t he  Topse t , 72 pe rc e nt  of  t he 
Thi n- Ski nne d Thr us t- Bel t, 90 pe rc ent  Ell es m er ia n, 10 pe rc e nt  of  t he 
Def or m ed Fra nkl inia n, and a ll  of  t he Nigua nak-Aurora  Pl ay re sourc es  that 
wer e a ss es s ed f or the  1002 a re a .  Ba se d on the  a ll oca ti on of  pl ay re sourc es 
j us t des cr i be d, for t he  m e an e s ti ma t e of  te chnic al l y re c over a bl e oil , t he 
wes te r n s ubar e a wa s  a ss i gned 6.13 BBO, le avi ng 1.56 BBO as s igne d t o t he 
e as te r n s ubar e a.  I t wa s  a ss ume d t ha t a t le a st  a  20 i nch r e gi ona l pi pel ine 
would init i al ly be  buil t f rom t he  TAPS Pump St at ion 1 t o a  l oca ti on about  18
m il es  into the wes te r n boundar y of t he  1002 a r ea .  Al l pipel i ne s a re  e l evat e d
ove r l and a nd buri ed at  m a jor r iver  cr os s ings .  Tr a ns por ta ti on to the e as te r n
s ubar e a as s um es  exte nsi on of  t he pi pel ine  of a bout  50 m i le s t o the  e as t .
Acc or ding t o Ha n-Padron Ass oci at e s (1985) s uc h a  pipe li ne  woul d have  a 
c apac i ty of  a t l ea st  300,000 ba rr el s  per  da y.  A pipeline with larger capacity
would, in all likelihood, result in lower unit transport costs than those
presented here.

The  pa th of  t he  re gi ona l pipel i ne  f r om  Pump St at ion 1 i s  a ss ume d t o be 
r oughl y pa r al le l  t o t he  pa th t a ke n by the  Badam i  pipe li ne  whic h j oi ns the 
Endic ott  pi pe li ne about  12 m il e s fr om Pum p St a ti on 1.  The  pi pe li ne di s ta nc e 
bet we e n the  Endic ott /Badam i  j unc ti on to t he Badam i  f ie l d is  about  25 m il es .
Conti nui ng ea st  fr om  the a re a of the  Badam i  f ie l d, t he 1002 ar e a re giona l 
pipel i ne  pr oc ee ds jus t southea s t towar d t he  Sour dough pr os pe c t (28 m il e s) ,
e nt er s  1002 a re a  wes t er n bounda ry, a nd t e rm ina te s a t a l oc at i on a bout 20
m il es  sout hea st  (s ee  f igur e  EA- B1) .  Tota l dis ta nce  f r om  Pump St at ion 1 i s 
a bout  85 m i le s.  The  pi pe l ine l eg t o t he  ea st e rn s ubar e a would e xte nd the
pipel i ne  pa ra ll e l to the c oa st  li ne  for a bout  22 m i le s a nd pr oc ee d s out he as t 
a nothe r 28 mi le s  f or  tota l  e xt e ns ion of a  dis t ance  of  50 m il e s.  W it hi n e ac h
s ubar e a it  is  a s sume d t ha t  e it her  12 or 18 inc h di a me te r  f ee der  l i ne s f rom t he 
f ie ld to t he re giona l  pipe li ne  woul d be c onst r uc te d a nd oper a te d a s a s epar a te 



EA-37

c om mon c ar r ie r. In t he we s te rn s ubar e a the  f ee der  l i ne  i s  a ss ume d t o be  a
m axim um le ngt h of 12 mi le s  a nd in t he ea s te rn s ubar e a the  f ee der  l i ne  i s 
a ss um e d to ha ve  a ma xim um  le ngt h of  16 m i le s.

A regulated common carrier pipeline entity was assumed to build and
operate the regional pipeline to TAPS.  Pipeline tariff charges were set to
assure investors a 12 percent after-tax return on investment.  Cost functions
presented in Broderick (1992) were updated to reflect reductions in costs
since 1990.  First, recent pipeline cost data gathered from the literature and
applications to the Alaska State Pipeline Office (T. Braden, Alaska Pipeline
Office, personal communication 1998).  These data were analyzed and
extrapolated to compute costs of pipelines of comparable sizes to those
depicted by Broderick (1992).  The se  es ti m at es , t ypi ca l of the  Prudhoe Ba y-
Kupar uk ar e a, we re  i ncr ea s ed by 30 per ce nt to compe ns at e  f or  the a bs enc e of 
i nf ra s tr uc t ur e and the special costs of oper a ti ng in t he 1002 ar e a.  Bas ed on
t he  Ha n- Padron Ass oci at e s re por t ( 1985)  i nve st me nt cos ts  we re  i ncr ea s ed
a nothe r 20 pe rc e nt  f or const ruc ti on of  a  ha ul  road pa ra l le l t o the  pipe li ne .  The 
r es ul t ing c os t f unct i on i s  s hown in f igur e  EA- B2.  The  dis c re te  shif t  i n t he 
c os t f unct i on r e fl ec t s the  r equir em e nt  of  i ns t al la t ion of fa c il it i es  f or an
i nt er m edia t e pum p st a ti on (s ee  Young a nd Hause r , 1986, Brode r ic k, 1992) .
Industry practices have moved toward elimination of parallel gravel haul
roads, at least in a 30 mile radius of existing infrastructure around the
Prudhoe Bay-Kapurak area.  Haul roads are not planned for the new
pipelines to the Alpine or the Badami fields.  Elimination of the haul road
would reduce investment costs about 20 percent.

The estimated investment of the 85 mile regional pipeline to the western
subarea is 378 million dollars.  For the 50 mile leg to the eastern subarea, an
additional investment of 198 million dollars is required.  Estimated
investment costs include the materials, pipe, installation, pump stations and a
parallel gravel haul road. Annual pipeline operating costs were 2 percent of
the initial investment cost.  The pipeline business entity is assumed to be
subject to all the Alaska State taxes as well as Federal taxes.

The estimated tariff for the feeder lines from the individual field to the
regional pipeline was based on field specific reserves.  The following
formula presented in Thomas and others (1993) and Broderick (1992) was
used to provide an approximation to the corresponding levelized tariff:

    trf=[(investment cost)/(field recovery)]*3.35
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where the investment cost was calculated for an 12 or 18 inch diameter line
either 12 or 16 miles in length but without a haul road.  Table  EA-B1 shows 
t he  di st anc es  a nd exa mple s  of t he  pi pe li ne ta r if fs  us ed in t he ec onomi c 
a na lys is .

Devel opm ent  Cos t s

Fie ld de ve l opme nt cos ts  i ncl ude  wel l  dri l li ng and c om pl e ti on cost s  a nd the
c os t of fa c il it i es .  Ac tua l fi e ld de ve lopme nt  cost s  woul d de pend on si t e- 
s pe ci f ic  c har ac t er is t ic s of pr ospec t s.  Pla y a na lys is , howeve r, i s  not  loca t ion
s pe ci f ic .  In t he pr oce ss  of  de ve loping gener i c cos t funct ions a num be r  of
s im pl i fying a ss umpti ons  we re  m a de  t o kee p t he  ec onomi c a na lys is  t r ac ta ble .
The  a s se ss e d undis cover ed ac cum ul at i ons wer e f ir st  gr ouped i nto f i el d s iz e
c at egori es  (Table  EA-B2 pr ovi de s t he  f i el d s iz e c la ss e s)  a nd int o 5000- foot
depth inte r va ls  al so.  De vel opm ent c os t e st im a te s f or  a  re pr e se nt a ti ve 
a cc um ula ti on for  e ac h s iz e  a nd de pt h c la s s we r e es t im at e d and t es t ed a gai ns t 
a n ec onomi c  s cr e en t o det e rm ine  whe t he r a ll  t he ac c um ul a ti ons  i n t he  s i ze  a nd
depth ca te gor y wer e c om me r ci al l y de vel opa bl e.

Fie ld de si gn

I t wa s  a ss ume d t ha t t he  f i el ds  we re  de ve l oped on we ll  s pac ing t ha t  a ll owe d
e ac h produc ti on we ll  a dr a inage  a re a  of 160 a c re s ( 0.16 thous and a cr es ) .  For
e ac h f ie ld si mul at ed, t he  re se r voir  pa ra m et er  va lue s as s oc ia t ed wi th ( 1) ne t 
r es er voi r t hi cknes s t , i n f ee t;  (2) por os i ty p, a s a  dec i ma l f ra ct i on; ( 3)  t ra pf i ll  f ,
a s a dec im a l fr a ct ion, (4)  dept h, d in f e et , a nd ( 5) c w de fi ned a s  t he  quant it y- 
( 100- wat er  sa tur at ion), a s  a  de ci ma l  f ra c ti on.  The  a ss e ss or s  provided
e st im a te s of the  r ec ove ry fa ct or as  a fr a ct ion of t he  i n-pla c e re s ourc e s tha t ar e 
r ec ove ra bl e , r f, a nd the f or ma t ion vol um e  f ac t or , f vf , was  ca lc ula te d a s a 
f unct i on of  r e se rvoir  de pt h ( se e Ass es s me nt  Form s  i n Res ul t s se c ti on by
Schue nem eye r, Cha p. RS) .  Pr oduc t ion wel l produc ti vi t y, wp, i n m il li ons  of 
bar re l s pe r  wel l  f or  an i ndi vi dua l a cc um ula ti on wa s  c al c ul at e d wi t h the 
f ol lowing e quat i on,

      wp=  7.758( t ) (p) (c w) (f ) (r f) (0.16) / ( f vf ) 

W el l produc ti vi t y as s oc ia t ed wi th t he re pre se nta ti ve ac c um ul a ti on for e ac h
s iz e a nd de pt h c la ss  wa s c al cul at ed as  t he wei ght ed a ver age  of t he  we ll 
produc ti vi t ie s a ss oc i at ed wi th the a cc um ula ti ons  a s si gne d to that  ca te gor y.



EA-39

The  r e quir e d num be r of pr oduct i on we ll s f or  t he re pre se nta ti ve ac c um ul a ti on
was  c a lc ul a te d by di viding t he  re cover abl e vol um e of oi l  divi de d by the 
e st im a te d wel l produc ti vi t y.  I t wa s  a ss ume d t ha t f or  e a ch pr oduc t ion wel l 0.4
i nj ec t ion wel ls  ar e dri ll e d (NPC, 1981, Young and Hause r , 1986) .  This 
a ss um pti on insur es  t her e a re  s uff ic i ent i nj ec t ion wel ls  for pre ss ure 
m ai nt e na nc e  via  wa te r  a nd ga s i nj ec t ion.

W el l produc ti vi t y va l ue s i n Ta ble  EA-B2 do not  r ef l ec t t he  a ppl ic a ti on of 
f ra ct uri ng or  hori zonta l dri ll i ng t e chnol ogie s  t ha t  m ight be  appl i ed i f  s it e -
s pe ci f ic  c ondit i ons a re  f a vora ble .  Inas m uc h a s the  a na l ys is  does  not c aptur e
t he  t r adeof f in appl ying t he se  sl ightl y m or e c os tl y t ec hnologie s t ha t i nc re a se 
r ec ove ry of  t he  in-pl ac e oil , c os t e st im a te s pre se nte d her e m ay over st a te 
a ct ua l  c os t s.

Dri ll i ng c ost s

Est im a te d t ot al  dr il l ing c os ts  ar e bas ed on t he num be r of we l ls  a nd we l l
dri ll i ng a nd com pl et i on c ost s.  Produc ti on we l l dr i ll ing a nd compl et ion c os t s
wer e e st im a te d f rom t he  hi st or i ca l c os ts  re por te d i n the  J oi nt As s oc ia t ion
s ur ve y on 1995 a nd 1996 dr il li ng cos ts  ( Ame ri c an Pe tr ol e um  I nst it ute , 1996,
a nd 1997) f or  Al as ka  oi l wel ls .  Da t a fr om the  c os t  s ur vey we re  s m oothe d and
c os t e st im a te s pre pa r ed f or the  f our  5000-f oot  ver t ic al  de pt h i nt e rval s .  Cost s
wer e i nc re a se d by 30 pe rc e nt  t o off s et  e xtr a c os ts  e xpec t ed t o be i nc ur r ed
bec aus e of  the a bs enc e of  infr a st ruc ture  or  s pec ia l  e nvi ronm e nt al  pr ec a ut ions.
Devel opm ent  wel l  dri l li ng and c om pl e ti on cost  es ti m at es  ar e $2.16 mi ll i on a t 
depths  t o 5 t housa nd fe et , $2.73 mi l li on at  de pt hs  of  5 to 10 t housa nd fe et ,
$3.31 mi ll i on a t  dept hs  of  10 t o 15 thous and f ee t a nd $5.76 m il li on for  wel l s
dee pe r  t ha n 15 t hous a nd f e et .

Fac il i ti es  Cost s 

Production facilities include drill pads, flow lines from drilling sites, the
central processing unit, and infrastructure required for housing workers,
including amenities.  Facilities design and costs depend on peak production
rates and field size.  As of the beginning of 1998, there are five standalone
fields operating in Northern Alaska.  These fields include Prudhoe Bay,
Kuparuk, Lisburne, Milne Point, and Endicott.  Endicott, which started
producing in 1987, was the last stand-alone field developed.  Recent
discoveries under active development as stand-alone fields include Alpine
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and Badami.  Northstar and Liberty fields, (formerly Seal Island and Tern
Island) are in the latter planning stages for commercial development as
stand-alone fields.  Northstar, Badami, and Liberty have estimates of
ultimate recovery of not more than 150 million barrels.

Although little information is in the public domain, a version of the
Northstar development plan, including development cost estimates, was
submitted by British Petroleum to the State of Alaska for evaluation with its
request for relief of profit sharing provisions of the State lease.  With this
information and inferred facilities cost estimates from published reports for
other fields under development, the facilities cost relationship originally
presented in the National Petroleum Council (1981b) and Young and Hauser
(1986) was recalibrated.  To compensate for the absence of infrastructure
and the extra costs associated with field development in the 1002 area,
facilities cost estimates that might be characteristic of the Prudhoe Bay area
were increased by 30 percent.  The cost function used in the analysis is
shown in figure EA4 along with the cost function calculated for the Young
and Hauser (1986).  Table EA-B3 shows estimates of the facilities
investment costs by accumulation size class.

The Point McIntyre, Niakuk, North Prudhoe Bay and West Beach fields,
developed between 1988 and 1996, share the central processing facilities at
the Lisburne field.  The use of the Lisburne field’s central processing unit
(Thomas and others, 1993) saved the Point McIntyre operators 35 percent in
facilities costs.  Savings, however, are highly site-specific.  Distances
between production wells and central processing units may limit sharing
opportunities.  The small expected number of discoveries in the eastern
subarea made facilities sharing opportunities unlikely.  Facilities sharing was
therefore limited to the western area and to fields having less than 130
million barrels of technically recoverable oil.  It was assumed that facilities
sharing would, on average, result in a 30 percent reduction in facilities
investment costs.

Fie ld Pr oduct ion Prof il e

Future discoveries are assumed to attain peak annual rates of production
equal to the  percentage of the field’s ultimate oil recovery.  Table EA-B4
shows the assumptions relating to the field production profile.  Fields having
less than 130 million barrels of recoverable oil are assumed to reach peak
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production in the second production year and maintain the peak production
level for 2 years thereafter, after which annual production declines 12
percent per year.  Fields larger than 130 million barrels would reach peak
production in the third year and maintain the peak production level through
year 5, and then production begins to decline at 12 percent per year.

At first glance the 12 percent field production decline rate appears very
sharp.  Observed field decline rates are typically more subdued because of
the application of enhanced recovery techniques to prolong field life.
However, the appropriate enhanced recovery application and its success
often depends on site-specific conditions.  Recovery factors of oil-in-place
that were posited by the assessors seemed to include only limited enhanced
recovery possibilities.  Posited recovery factors of the oil-in-place by play
are the following: Topset 40 percent, Turbidite 30 percent, Wedge 30
percent, Thomson 45 percent, Kemik 30 percent, Undeformed Franklinian
35 percent, Thin-Skinned Thrust Belt 40 percent, Deformed Franklinian 35
percent, and Naguanak-Aurora 35 percent.

The volume of produced water was projected by using the field production
profile for oil, the degree of field depletion, and the water cut functions
presented by Thomas and others (1991).  Figure EA-B3 shows percentage
water expected in production with depletion of the field.  Volumes of natural
gas and natural gas liquids production were projected using annual oil
production, the expected values of the gas to oil ratio, and NGL to gas ratios
associated with the representative field’s size and depth classification.

Operating costs

Field operating costs include labor, supervision, overhead and
administration, communications, catering, supplies, consumables, well
service and workovers, facilities maintenance and insurance, and
transportation.  Some of these costs, such as well workover and labor costs
have declined dramatically during the last decade due to the introduction of
coiled tubing technology and institution of automation in field operations.
Annual operating costs are characterized as a function of daily fluid volumes
(NPC, 1981, Young and Hauser, 1986).  The annual operating cost function
presented by Hauser and Young were updated using the Energy Information
Administration’s index of oil field operating costs for 1996 (Energy
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Information Administration, 1997B).  Fluid (hydrocarbon and water)
volumes were projected annually using field production forecasts and a
water cut function presented in figure EA-B3, Appendix EA-B, (Thomas
and others, 1991), so that per barrel costs of oil reflected increases in costs
that result from a higher water cut as the field is depleted.

Alaska Taxes
    Severance Tax for oil:

12.25 % years 1 through 5 adjusted for economic limit factor (elf)
15.00 % after year 5 adjusted for the economic limit factor
floor of $0.80 per barrel adjusted for the economic limit factor
elf = (1-(300/ADWR))a

where a = (150000/ADFR) 1.5333

ADWR = average daily production per producing well (bbl/d)
ADFR= average daily field production (bbl/d)

    Severance Tax for gas:
10.00 % adjusted for the economic limit factor
floor $0.064 per thousand cubic feet adjusted for the economic limit

factor
elf = (1-(3000/ADWR))
ADWR = average daily production per producing well (MCFG/d)
For both cases, if elf less than or equal to zero, severance tax is zero

    Ad valorem tax
Tax equal to 2 percent of the economic value of pipelines, facilities,
and equipment.  For pipelines, a 25 year life was assumed.  For
tangible well costs, oil field equipment costs, and facilities costs,
depreciation of the asset was based on the unit of production method.

    State Income tax
For planning purposes the Alaska state agencies use 1.4 to 3.0 percent
of net income.  The rate used here was 2.2 percent of net income.
Depreciation of capital assets associated with oil field development is
permitted on a unit of production basis.  For other capital,
depreciation depends on the economic life of the equipment.

    State conservation tax
Tax is $0.004 per barrel  and the conservation surcharge tax is $0.03
per barrel.

Federal Taxes
    Federal royalty rate
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Royalty rate is considered to be a payment to the landowner was
assumed to be 16.7 percent of gross revenue.

    Federal income taxes
Federal income tax rate of 35 percent of taxable income was assumed.
Based on the 1986 Tax Reform Act, 30 percent of development well
drilling costs is classified as tangible cost and therefore capitalized
over 7 years.  Of the remaining 70 percent of drilling cost (that is, the
intangible drilling costs), 30 percent is depreciated over 5 years and
the remaining 70 percent is expensed immediately.
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Table EA-B1.  1002 Subareas and distances from the regional pipeline to
Trans-Alaska Pipeline System (TAPS), estimated pipeline tariff to TAPS
and tariff from feeder pipeline to regional pipeline.

 Area       Regional pipeline   Feeder Pipeline
            distance tariff    distance  tariff* distance tariff**
             mi   $/bbl      mi       $/bbl     mi      $/bbl
Western subarea   85      0.97       12       $0.21     12       $0.14
Eastern subarea  135      1.48       16       $0.28     16       $0.18
*  Based on field with reserves of 300 million barrels, 12 inch pipe.
** Based on field with reserves of 600 million barrels, 16 inch pipe.

Table EA-B2.  Recovery per well, in millions of barrels per well, by
field size, depth category, and subarea.

  Field Size  Recovery per production well
       class     in millions of barrels

Depth class in thousands of feet
          MMBO      0-5     5-10    10-15    >15
 Western subarea
           8-16       -      1.53     1.50     1.47

    16-32     3.69     2.96     1.98     1.92
    32-64     5.50     4.26     2.75     2.62
   64-128     8.59     6.27     3.63     3.53
  128-256    12.37     9.19     4.88     4.93
  256-512    15.22    11.91     6.27     6.53
 512-1024    17.56    15.16     7.65     8.22
1024-2048    24.11    21.79    11.21    13.19
2048-4096    30.00    29.66    19.28    20.06
4096-8192    30.00    30.00     0.00     0.00

 Eastern subarea
     8-16        -        -       -        -
    16-32     2.73     2.87     1.10     0.47
    32-64     4.14     4.18     1.48     0.75
   64-128     6.20     6.29     1.93     1.20
  128-256     8.57     8.63     2.54     1.76
  256-512    10.73    10.37     2.92     2.17
 512-1024    13.58    13.23     3.21     2.85
1024-2048    20.01    19.22     3.46     4.05
2048-4096    29.86    26.50     4.57     5.29
4096-8192    30.00    30.00     5.26     0.00
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Table EA-B3.  Facilities investment cost in 1996 dollars.
      

 Field
           Size              Cost
         (MMBO)            ($/bbl)
               32              7.38
               48              5.55
               64              4.54
               96              3.42
              128              2.83
              192              2.31
              256              2.00
              384              1.64
              512              1.42
              768              1.16
             1024              1.00
             1536              0.82
             2048              0.71
             3074              0.71
             4096              0.71
             8192              0.71

Table EA-B4.  Field production profiles assumed in the economic
analysis

                         peak as
  field     years   percent of  years of
  sizes     buildup  ultimate   peak prd.
   MMBO
    8-16           2       11        3

 16-32          2       11        3
    32-64          2       11        3
      64-128         2       11        3
     128-256        3       10        3
     256-512        3       10        3
 512-1024        3        9        3

1024-2048       3        9        3
2048-4096       3        9        3
4096-8192       3        9        3
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Appendix EA-C.  Specification and Application of the Finding Rate
Component of the Cost Algorithm

Purpose and specification

The finding rate model imbedded in the cost algorithm (1) predicts the
arrival rates of discoveries as a function of wildcat wells, (2) orders
discoveries, and (3) allows the cost algorithm to determine, on the basis of
rational economic criteria, how much additional wildcat drilling is
economically justified.  The number of wildcat well increments and the
allocation of wells by depth is endogenous to the model.  In general, past
wildcat well depth allocations are not used to predict depths of future
drilling because the past allocations were often affected by regulations and
subsidies.  For areas like Northern Alaska and particularly the 1002 area,
undiscovered resources are assessed where there is little or no historical
drilling.  This appendix discusses the specification and application of the
finding rate component of the cost algorithm as well as providing results of a
sensitivity analysis of the incremental cost functions to changes in the
discovery efficiency values.  A more detailed development of the model and
the various calibration procedures applied to obtain finding rate coefficients
for the provinces in the 48 conterminous States is discussed in Attanasi and
others (1996).

The  f unc ti ona l f or m of the  f inding r at e m odel  spec i fi es  that  wi thi n a f ie ld si ze 
c la ss , j , a nd de pt h i nt er val , k, the  r at e  of dis cover y dec li nes  e xpone nti al l y: 

F(j ,k,t )  =  F( j ,k,u) (1.-  e xp(- c (j ,k)w( t ,k)) ) ( 1) 

whe re  F( j ,k, t ) = num be r  of dis cover ie s  i n t he  j th fi el d s iz e  c la s s and k th de pt h
i nt er val , f ound wi th w( t ,k) c um ul a ti ve  wi ldc at  we ll s dri ll e d thr ough ti me  t tha t
bot tom  i n t he  k th de pt h i nt e rval ; 
 F(j ,k.u)  =  number  of  undi sc ove re d f ie l ds  i n t he  j th fi el d s iz e  c la s s and
k th de pt h i nt e rval ; 
 c (j ,k) =   di s cove r y ef f ic ie ncy f or j th fi el d s iz e  c la s s and k th de pt h
i nt er val ;
 w(t ,k) =  c um ula ti ve wi l dc at  we ll s  dri l le d f rom t he  s t ar t of fi r st  pe ri od to
t he  t -t h pe ri od tha t bot tom i n the  k th de pt h  int er va l , tha t is , a re  ta rge te d t o the 
k th de pt h i nt e rval .
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I n the  a ppl ic at i on of  t he  mode l  i n e quat i on ( 1) in the c os t a lgor i thm, F(j ,k,t )  i s
t he  pre di c te d numbe r  of  f i el ds  in s i ze  c l as s j  a nd de pt h k f ound a ft er  dr il l ing
w(t ,k) wil dc a t we l ls  t a rget e d to the k th de pt h i nt e rval , F(j ,k,u)  i s t he  ass es s ed
numbe r  of undis c ov er e d fi e lds in t he j th fi el d s iz e  c la s s and k th de pt h i nt e rval ,
a nd w( t ,k) i s the  numbe r  of new we ll s dri ll e d s ta rt i ng f r om  t he da t e of  the
a ss es s me nt  forwa rd a nd ta r ge te d t o t he  k th de pt h i nt e rval .  Si m ul at i ons of
undis c over e d fi e lds wer e gener a te d usi ng the proba bil it y dis t ri but ions 
s pe ci f ie d by the  geol ogis t s on the a ss es s me nt  form s .  Si ze -f r eque ncy
dis tr i buti ons  of  undi sc ove re d f ie lds  by depth inte r va l ( that  is  t he F(j ,k,u) 
val ue s ) as s oc ia t ed wi th t he 95t h f ra ct i le , t he  m e an, a nd t he 5t h f ra ct i le 
e st im a te s of 1002 ar e a’ s undis c over e d oi l  wer e  c al c ul at e d fr om the  s im ula ti on
dat a.  The  c (j ,k)’ s , re pre se nti ng the dis cover y dec li ne coe ff ic i ents  or  di sc ove ry
e ff ic i enci e s by de pt h i nt e rval , r em a in t he onl y pa r am et e rs  r e quir i ng
e st im a ti on.  The  a ppl ic at i on of  t he  mode l  i n e quat i on ( 1) re qui re d c al i br at i on
of the  c (j ,k)’ s  f or  the s iz e c la ss e s shown i n t able  EA2 and f our depth inte r va ls 
( 0- 5,000; 5,000- 10,000, 10,000- 15,000, a nd gr e at er  than 15,000 fe e t) .

The  c (j ,k)’ s  wer e  c al i br at e d for  m os t  of t he  oi l and gas  pr ovi nc es  of  t he
Uni te d Sta t es  a s se ss e d in the 1995 Nat ional  Oi l and Gas  As se s sm ent .  The
c al ibr at ion proc edur e  i s des cr i be d i n de t ai l i n Att ana si  a nd ot her s ( 1996) .  For
t he  Nort he r n Al a ska provi nce  a  se t of de f ault  coef f ic ie nts  we re  a djust e d by a
s ca la r  m ul t iple  so t hat  t he pr oje ct e d ove ra ll  wi ldc at  we ll  di sc ove ry r a te  woul d
provi de a r ea sonable  exte nsi on of  t he em pir ic a l di s cove r y ra t e re a li ze d
bet we e n 1981 and 1990.  Us ing t he  Nort he r n Al a ska provi nce  a s  t he 
a na logue , t he  c oef fi c ie nt s  f rom  Att ana si  a nd Bi r d (1996) wer e i ni ti a ll y a ppli e d
t o the  1002 a re a  a ss e ss me nt.  Howeve r, a t  t he i r me a n es t im at e s the  1002 a re a 
Ass es s me nt  ge ne r al ly as si gne d m or e f ie lds  t o s iz e c la ss e s of  gr ea t er  t han 260
m il li on ba r re ls  than the 1995 Ass es s me nt  ha d a ss igned t o t hos e si z e cl a ss es 
f or  a l l of  Nort her n Ala ska .  To have  dis c over y r at e s com pa ra ble  t o r ec e nt 
dis cover y e xper i ence , t he  di sc ove ry ef fi c ie nc y val ues  us ed i n Att ana si  a nd
Bir d ( 1996)  wer e  r educe d by about  25 per c ent a nd t hen a ppl ie d i n t hi s s tudy
( se e f ootnote  3 in t he te xt) .

To te s t the  s ens it ivi ty of  t he  incr e me nt a l cos t funct ions to the dis cover y
e ff ic i ency va lue s, t he com puta t ion of the  i nc r em ent al  c ost  f unc ti ons  wa s
r epea t ed us ing t he  f i el d s iz e dis tr i buti ons  a s soci a te d wit h t he  me an oi l
e st imate  wi th expl ora ti on ef f ic ie ncy va lues  re duc ed by hal f  a nd then incr e as ed
by 50 pe rc e nt .  Figur e  EA- C1 shows  t ha t  t he  va lue s of  the e conom ic  oi l gi ven
by the se  c ost  f unc ti ons  t o be f ai rl y r obust  t o t he s e ra t he r l ar ge  changes  i n
f indi ng ra t e f unct i on di sc ove ry e f fi ci e nc y l evel s .  At  a  m a rket  pr ic e  of $18 pe r
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bar re l  t he  ba se  ca se  yi el ded 2.40 BBO.  I nc re a si ng di sc ove ry ef fi c ie nc y val ues 
by 50 pe rc e nt  r e duce d t he  thre s hold pr ic e  f or  the s ta rt  of  e xpl or a ti on fr om  just 
ove r $15 t o j us t  ove r  $14 pe r bar re l  a nd at  a  ma rke t pr i ce  of  $18 pe r bar re l 
2.98 BBO i s  e conom ic .  Cut ti ng di sc ove ry ef fi c ie nc y val ues  i n hal f  i nc r ea se s 
t he  t hre shold pr ic e by $1 to a bout $16.80 per  ba rr e l.  At a m ar ke t  pri c e $18
per  ba rr el , 1.35 BBO is  e c onom i c.  Findi ng ra t e funct ions wi t h hi ghe r
dis cover y e ff ic i ency va lue s de ple te  undi s cove r ed f i el ds  more  quic kly s o t ha t 
t he  f i nding r at e s te nds  t o dec l ine m or e r apidl y.  At a m ar ke t  pri c e $30 per 
bar re l , the  pre dic te d e conom ic  volum es  a r e 5.65 BBO, 6.30 BBO, and 6.56
BBO.

Caveat s

The re  ar e t wo r e as ons  t o e xpec t  a n i nher e nt  downwa r d bia s i n the  pre dic ti ons 
of the  f inding r at e m odel .  Fi r st , the use of so-called “targeted” wells in the
finding rate function likely overstates required drilling because one well may
test more than a single depth interval.  An a l te rna ti ve  to t he us e  of “ ta rge te d
wel ls ”  i s t he  c onc ept  of net  wel ls  whic h a ss ume s t ha t wel ls  te st  al l i nt er val s.
The  ne t we l l sc hem e gives  pa rt i al  or  f ul l c re di t  t o a  wel l  i f i t ha s  par t ia ll y or
c om pl e te ly pe ne t ra te d t he  inte r va l.  For  exam ple , a  wel l  dri l le d t o 7,500 f e et 
would count  a s one  c omple t e we l l in the 0 t o 5,000 f oot i nt er val  a nd as  0.5
wel ls  in t he 5,000 t o 10,000 f oot  i nte rva l.  In experiments where finding rate
models were parameterized using net wells and models were incorporated
into the costing algorithm, the optimization routine determining drilling
depth would generally allocate all wells to the deepest depth.  Such behavior
is not consistent with past or current industry practice so that the use of  the
“targeted wells framework” was chosen.  Moreover, it may be just as
incorrect to assume every interval is tested as to assume only the target depth
interval is tested.

A second inherent downward bias in the finding rates modeled here occurs
because the exponential function makes no explicit provision for the
accumulation of knowledge or learning by explorationists that would
improve the siting of wells.  Modeling such improvements might take the
form of  specifying efficiencies as increasing functions of cumulative
drilling.  However, this would also require quantifying the contribution of
wells to the knowledge base and estimating the contribution of increments in
knowledge to improvements in siting subsequent wildcat wells.  Currently,
there are no standard or accepted methods for measuring the contribution of
individual wildcat wells to the scientific understanding of the resource.
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