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NOTI CE : The pro ject that i s  the sub ject of th is r eport was appr oved by 
the Gover n i ng Boa rd of the Nat iona l Resea rch counc i l ,  whose members are 
drawn f r om the counc i ls of the Nat i onal  Academy of Sc iences , the Nat i on a l  
Academy of  Eng inee r ing ,  and the I n s t i tute o f  Med i c i ne. The members o f  
t h e  commi ttee r espon s i b l e  f o r  the repo r t  wer e  chosen f o r  the i r  spec i a l  
compet ences a n d  w i th r ega rd f o r  appropr iate ba lance . 

The r epo r t  has been r ev i ewed by a group othe r than the authors 
accord ing to procedures approved by a Repor t  Rev i ew comm i t tee cons i s t ing 
o f  members of the Nat iona l Academy of Sc i ences , the Nat i on a l  Academy of 
Eng ineer i ng ,  and the Insti tute of Med i c i ne .  

The Nat i ona l Research counc i l  was es tab l i shed by the Nat i onal  Academy 
of Sc i ences in 1 9 1 6  to assoc iate the broad commu n i ty of s c i ence and 
technology wi th the Academy ' s  pu rposes of  fu r ther ing knowledge and of 
adv i s ing the federa l government . The counc i l  operates in accor dance w i t h  
genera l po l i c i es determined by the Academy under t h e  author i ty of i ts 
cong ress i ona l cha rter of 1 86 3 ,  wh ich estab l ishes the Academy as a 
pr i va t e ,  nonpro f i t ,  s e l f -gove rn ing membersh ip corporat ion. The Coun c i l 
has become the pr i nc ipa l operat ing agency of both the Nat iona l Academy of 
Sc i ences and the Nat i ona l Academy of Eng i nee r i ng in the conduct of thei r  
s e r v i ces to the government , the pub l i c ,  and the s c i ent i f ic and 
eng i neer ing commun i t i es. It is  admin i s te r ed jointly by both Academi es 
and the Inst i tute of Med i c i ne. The Nat iona l Academy o f  Eng ineer ing and 
the I ns t i tute of Med i c i ne wer e  estab l i sh ed in 196 4 and 1 9 7 0 , 
respect i ve l y , under  the char ter of the Nat i ona l Academy of Sc i ences. 

Th i s  study wa s suppo r ted by Con t ract No. 1 4 - 1 2-00 0 1 - 3 0 2 2 2  between the 
Nat i ona l Academy of Sc i ences and the u. s. Depa rtment of the Inter i o r , 
M inera ls  Management Serv ice. 

Copies ava i labl e  f r om :  

Boa r d  on M inera l and Energy Resour ces 
2 1 0 1  Const i tut i on Avenue ,  N.w. 

Wash ington , D . C .  20 4 1 8  

Pr inted i n  the Un i ted States o f  Amer i ca 

----._,�. 
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EXECUTIVE SUMMARY 

Est imat i ng the pot ent i a l  future resou rces of o i l a nd gas on the Outer  
cont i nent a l  She lf  ( OCS ) is a cruc i a l  f i rst  step in estab l i sh i ng an  OCS 
leas ing program cons i s t ent w ith a prud ent nat iona l ene rgy po l i cy. 
Est imat es of und iscove red ocs oi l and natural gas a r e  ref e r r ed to dur i ng 
the d i scus s i on of numerous po l icy,  po l it i ca l ,  l ega l ,  and env i ronmenta l  
i ssu es that a r ise dur ing the conduct o f  the feder al leas i ng prog ram. 
Such est imates a lso prov ide the bas is fo r  the b ienn i a l  i nvento ry of 
of f sho r e  und iscove r ed pet r oleum resou rces and are  used in draf t i ng 
a reawide env i ronment a l  impact statements. 

At the request of the Minerals Management Serv ice ( MMS ) of the u.s. 

Depa r tment of the Inte r io r ,  a 10 -member comm i t t ee of the Nat iona l 
Research Counc i l  wa s formed in  late 19 8 4  to evaluat e  the reg i ona l 
resou r ce est imat i on met hodo logy t hat MMS has used and is fu r ther 
deve lop ing. MMS is cha rged wi th the respons i b i l i ty of est imat i ng the 
volume of und i scove r ed recove rab le resou rces in of fshore a reas. The 
committee wa s asked whethe r the est imat ion methodology used by MMS , wh ich 
inco rpo r ates geo log i ca l ,  geophys ica l ,  eng i nee r i ng ,  and econom i c  dat a ,  i s  
pa rt icula r ly su i t ed t o  meet the goals estab l i shed by the Outer  
cont inenta l She l f  La nds Act of  1 9 5 3 ,  a nd whether i t  i s  usefu l in  meet i ng 
other important depa r tmenta l and nat iona l goals . 

The cent r a l  goal of a nat iona l energy po l icy is  to foster an adequate 
supp ly of energy at r easonab le pr ices. Because much of the 1. 1 bil l i on 
ac r es within  t he of f sho re j u r i sd i c t i on of the Un i t ed States i s  
unexplored , t h e  federa l  gove rnment ha s a pivot a l  r ole i n  t h e  explo rat ion 
and deve lopment of the se a reas ,  wh ich may cont a i n  und i scove r ed o il and 
natural gas r esou rces. MMS pe rsonnel at each of its fou r  reg i onal 
of f ices , wh ich cor r espond to the Atlant i c ,  Gu lf  of Mex ico , Pac i f i c ,  and 
Alaskan of f shore areas , make b i enn i al est imates of und iscove r ed of f shore 
oil and natu ral  gas resou rces. The se est imates are  subsequent ly revi ewed 
by an MMS committee compr i sed of r eg i onal and headquarters  pe rsonnel. 
Rea l ist ic  est imat es of the resou r ce pot en t i a l  of the nat ion ' s  of fsho r e  
area are cr i t ical to ove r a l l plann i ng of the of fshore  leas i ng program .  

Th is r eport d i scusses the g reat unce rta int i es that a r e  i nvolved i n  
these r esource asse ssments , descr i bes the va r ious method s used by MMS and 
ot hers to gene rate these assessments , and presents the comm i t t ee ' s  
conc lus i ons a nd recommendat ions concern i ng MMS ' s  assessment procedu res . 

1 
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The comm i t tee cons iders the bas ic th rust of the MMS assessment 
methodology to be appropr iate bu t ha s some conce rns about spec i f i c 
procedu res and judgments. I t  is w it h i n  t h i s  context that the commi ttee 
advances the f o llowing conclusi ons and recommendat ions for  improv ing 
MMS ' s assessments. 

Conclusion: The current methodology is excessively detailed for some 

assessment areas, particularly where few data are available. To be 

practical and effective, the methodology must deal with thousands of 
prospects in a timely and consistent manner. 

The comm i t t ee r ec ommends that MMS : 

• Approach resource assessment from the pe rspec t i ve of the p lay , 
mov ing to t he prospect leve l as necessa ry , to t he zone level on ly 
r a r ely , and to the bas i n  leve l only by agg r egat ion of the 
component plays . 

• Develop mo r e  fully a grouped-prospec t play assessment methodology 
that i s  compat i ble w i t h  i t s  cu r r ent p r ospect summat i on approach. 

Conclusion: The approach to risking should be revised. Methods for 
realistically handling the elements of risk are required to provide valid 

estimates of resources and to sum up resource potentials by area, basin, 
or region. 

The committee r ec ommends that MMS : 

• Approach r is k  evaluat ion f rom the pe rspec t i ve of the marg ina l  and 
cond i t i ona l probabi l i t i es at the play leve l. 

• Develop a syst emat ic ana ly s i s  of the component geolog i c  
depend enc i es t o  a r r i ve a t  probab i l i t i es f o r  assessment 
agg regat ions. 

Conclusion: MMS has not adequately accounted for the likelihood of 

discoveries of serendipitous hydrocarbon occurrences. Systematic 

inclusion of postulated prospects and plays reflects historical 

experience in similar geologic settings or elsewhere and may add 

significantly to estimates of the resource base. 

The comm i ttee recommends t hat MMS : 

• Develop a tho roughly syst emat ic process for rea l i st i ca lly 
includ ing potent i als f r om post u lated prospects and p l ays i n  
assessments. 
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Conclusion: The context in which estimates have been made public has 

been insufficiently complete in the past. Inclusion of only the 

attainable potential in MMS's reports limits unduly the horizons of 

planners and decision makers using the data to the short-term; inclusion 
of both the attainable potential and the resource base may open up vistas 

for longer-term planning and more visionary actions. 

The commi ttee recommends that MMS : 

• Assess and report both  the und i scove red resou rce base and the 
technolog i ca l ly and economica l ly atta i nable pot ent ia l. 

• Document cr i t ical determinants of the assessment in an appropr iate 
fash i on in  pub l i c ly r e l eased data. The se determi nants shou ld 
inc lude the ranges of the minimum geolog i c  f i e ld s i ze , the minimum 
economic f i e ld s i ze ,  and,  i f  approp r iate , the sma l lest f i eld s i z e  
o f  a l l  that is included i n  the resou rce ba se. 

• Report cu r r ent pa rameters for  both the resou rce base and the 
at tainable pot ent i a l: ex tend the reported probabi l i ty ranges: and 
document d r i v ing assumpt ions t hat af f ect resu l t s ,  i nc lud i ng 
imp l i ed future recove ry ef f ic ienc ies , l im i t s  to water  and dr i ll i ng 
depths cons i de red , and la rgest expected f i e ld s i ze r eported by 
appropr i ate area. 

• Expla i n  to the greatest pract icable ex tent the d i f f erences between 
cu r r ent and previous assessments. 

Conclusion: Adequate safeguards are lacking to ensure internal 

consistency and reasonableness across the regional offices of MMS. In 

practice, continued vigilance is required to minimize inconsistencies in 

assessments made by different groups. 

The committee r ecommends that MMS: 

• Establ i sh a review process to prov ide ove rs ight and to standa r d i z e  
dec i s i on-ma k i ng between r eg iona l of f i ces. 

• List the hyd roca rbon f i l l  fract ion along wi t h  the resu lts of a 
prospect assessment and ensu re appropr iate internal review of t h i s  
c r i t i cal parameter. 

• Syst emat ical ly compi le h i stor ical data f r om d i scove red plays to 
help in  mak i ng mo re r ea l ist ic assessment ana log i e s. 
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Chapt er 1 

INTRODUCTION 

1 . 1  OVERVIEW 

Th i s  r epo r t  is  issued in response to a r equest by the Mine r a l s  Management 
service ( MMS ) of the u. s .  Department of the Inte r i o r  to the Nat i ona l 
Resear ch Counc il ' s  ( NRC )  Board on M i ne r a l  and Energy Resou rces ( BMER ) 
with in the NRC ' s  Comm i s s i on on Phys i cal Sci ences , Mathemat ics , and 
Resou r ces ( CPSMR ) . MMS r equ ested that a committee of the academy 
• ident i fy the needs for  pet ro leum and natu r al gas r esou rce informa t i on , 
evaluate the adva ntages and l imitat ions of ex i s t i ng r esou rce est imat ion 
methodolog i es to address e f f ective ly each of the ident i f i ed needs , assess 
the adequacy of info rmat ion ava ilabl e  to apply pr ope rly each of the 
e x i s t i ng resource est imat i on methodol og i es ,  and recommend , whe r e  
poss ible , new app roaches in add ress i ng the needs f o r  pet roleum and 
natu ral gas resou rce in format ion . •  

The Minerals Management Service is  cha rged wi th ma inta i n i ng a cu r rent 
est imate of the und i scovered oi l and natu r a l  gas resou rces on the Outer 
Cont inenta l She lf  ( OCS ) . Under the ocs Lands Act of 1 9 5 3 , the Sec r et a ry 
of the Inter ior  estab l i shes an ocs leas i ng sch edu l e ,  ca r r i es out lease 
sales , mon i tors exp lorat ion , deve lopment ,  and product ion ,  and collects 
roya l t i es on the resou rces produced . The ocs area should play a c r i t i ca l  
role i n  the nat ion ' s  energy future , a s  a s i gn i f i cant amount of 
thenat i on ' s und iscover ed recove rable oil and gas is  expected to be found 
the r e . At presen t , of fshore oi l accounts for about 11 percent of tot a l  
domest ic pet roleum produc t i on ,  a nd of fshore natur a l  gas accounts for 
about 2 4  percent of total domest i c  gas product ion . The poten t i a l  for 
increas i ng the cont r ibu t i on of o f f shore areas to u . s. ene rgy supp l i es i s  
substant i al .  

I n  1 98 1 ,  the secretary reorgan ized the respon s i b il i t i es for 
conduct ing the ocs leas ing program. As pa r t  of th i s  reorgan i za t i on ,  MMS 
was establ i shed , large ly f r om the forme r  Conservat i on D i v i s i on of the 
u . s .  Geo log i ca l Survey ( USGS ) ,  wh i ch previous ly had been r espons ible for  
economic eva lua t i on of t racts of f e r ed for  lease. The r espons i b i l i ty for  
est imat i ng the und iscove r ed oil and natural gas  resou rces throughout the  
OCS was t rans f e r red from the Geol og i c  D i v i s i on of USGS to MMS in  order  to  
conso l i date resou rce est imat ion a nd econom i c  evaluat ion . As 
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fundamenta l ly d i f fe rent methodo log i es had been used for  these two tas ks , 
MMS used t h i s  occas i on to int roduce an improved met hodology for  
prepa rat i on of r esou r ce est imates. 

cu r r ent est imat es of of f shore oi l and gas r esou rce i n format ion a r e  
needed b y  gove rnment for  t he f o l lowi ng pu rposes : ( 1 ) long-te rm energy 
po l i cy: ( 2 )  forecast ing rates of domest ic d i scove ry and supp ly :  ( 3 )  
ant ic ipat ing env i ronmental  impacts of exp lo r a t i on and product i on : ( 4 )  
ant ic ipat ing fut u r e  techno log i c  and cap i t a l  requ i r ements: ( 5 )  
rea l i st ical ly eva luat ing regu latory opt ions : ( 6 )  schedu l i ng lease sales ; 
( 7 )  conduct i ng cost-benef i t  stud i es of leas ing alterna t i ves ; and ( 8 )  
ana ly z i ng the econom ics of indust ry ' s  b i ds on leasable t r act s. Th i s  
report addr esses the ana lyt ic approach that MMS uses in es t imat i ng 
hyd roca rbon pot ent ials  of a l l  u.s. of f sho re areas: it does not add ress 
the ad equacy of MMS ' s  methods of eva luat ing bids  be fore  acceptance on 
leasable t racts , or t he quest ions of leas i ng al ternat i ve s. 

To add r ess the above need s ef f ect ive ly , the methodo logy for  assess i ng 
und iscove r ed hyd roca rbon vo lumes shou ld be r e l atable to new geo log ic 
concepts as we ll as h i stor ical explorat ion exper ience , ef f ect ive in 
we igh ing geo l og i c  r i s k s ,  cons i s t ent and updatab le , documentab le , and 
f le x i b le in  add i ng or subt ract ing assessments . Add i t i ona l ly ,  the 
methodology shou ld provide a suitable bas is for ma k i ng economic a na lyses 
and supp ly f o r ecasts , wh i le al lowing for sepa rat ion of geolog i c  f r om 
economic assumpt ions a nd const r a i nts: a l low adequate and t ime ly use of a 
va r iety of data ; and develop and present resu l t s  in a probabi l i ty format 
that r ef lects a l l  the uncerta i nt i es. The comm i t tee ' s  r ecommendat i ons 
focus on ways to ach i eve these goa ls. 

Pet r o leum r esou r ces are  the quant it ies of oil and gas bel i eved to be 
eventua l ly recoverable , by means of known or expected techno log i es ,  out 
of the total vo lumes in p lace. Resou rces inc lude both  d i scove red and 
und iscove r ed sou rces of supp ly. ( See F igure 1. 1. ) D i scovered resou rces 
inco rporate all the oi l and gas that have been found by dr il l i ng , 
includ ing resources that have been produced to date , those that have been 
found and are economical ly r ecove rab le bu t not yet produced ( proved and 
probab le reserves ) ,  and the theoret ica l ly recove rable but cu r r ent ly 
uneconomic or techno log i ca l ly unattai nable ( cont i ngent ) r esources . 
Und i s cove r ed resources--those est imated by MMS--a re those resou rces that 
are  yet to be found. Th is  tot a l  und iscove r ed resou rce ba se cons i st s  of 
economical ly at t a i nable resou rces and t he r ema i n i ng nona t t a i nab le 
resou r ces. Th i s  report  exc ludes cons i d e rat ion of unconven t ional o i l  and 
gas d epos its , such as o i l  sha l e ,  tar sands , and coa l gas. The total 
amount of und iscove r ed recove rable oi l and natura l gas i s  f i n i t e  bu t 
unknown. Geolog i c ,  geochemica l ,  and geophys ical observat ions and 
measu r ements ca n establ i sh whethe r cond it ions ex i st that are favo rable  
for accumu l at i on of o i l and  gas , but  the re is  no  known d i rect mea ns of  
determin i ng the presence of comme rc ial  quant it ies of hyd roca rbons bef o r e  
d r i l l i ng. 

Of the amount of oil and gas that is theoret ically r ecove rab le by 
means of known and expected technolog i es ( t he resou rce bas e ) , not a l l  i s  
economica l ly recove rable a t  any pa r t icula r t ime. Whether hyd r oca rbons 
are pe rce ived to be economical ly recoverable depends on cu r rent and 
ant ic ipat ed pr ice t rends , the technology for  deve lopment and pr od uct ion , 
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UNITS OF HYD ROCA RBON VOLUME R ECOVE R ED OR POTENTIALLY R ECOV E R ABLE 

FIGURE 1.1 U lt imate ly convent iona l ly recove rable pet roleum resou rce base . 
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the s i ze of the depos i t ,  the prox imity to an indust r i a l  i n f rastructu re 
capab le of transpo r t i ng and ref i n i ng the hyd roca rbons , the water depth , 
the amount of oi l ve r sus gas , a nd many other factor s .  Obv i ously , many o f  
these economic and techno log i cal factors a r e  not stat ic , but change 
dynamica lly as a resu lt of a va r i ety of cond i t i ons. For examp le ,  
economic  f ac tors can be dramat ica l ly inf luenced by gove rnment pol i cy .  

The comme rc i a l i zat i on of new technology for  the deve lopment and 
p roduct ion of resou rces in  ha rsh env i ronments , such as deep water or 
arctic  cond it ions , i s  d r i ven by the d i scovery of o i l  and gas and , i ndeed , 
by the r ight to produce them under such cond i t ions . The pet roleum 
i ndustry has l itt le incent i ve to deve lop such technology when it does not 
hold r ights to deve lop a f i e ld whe re these cond i t i ons ex ist , but has a 
very st rong incent i ve to deve lop the technology when it  does . The refore , 
i f  a resource est imat e based on the assumpt ion of cu r rent technology is 
used as the bas is for a po l it ical dec i s i on to exclude envi ronmenta lly 
harsh but ot herwise  prospec t ive areas from the lease sale schedule , then 
resou rces may not be found and t he technology for  t he r ecovery of these 
resou rces may not be developed . Wh i le a resou rce base est imate d epends 
almost ent i re ly upon ou r i nterp r etat i on of the geology , an est imate of 
the economica l ly recoverable resou rces depends upon numerous assump t i ons 
related to the present and future economics and t echno logy of deve lopment 
and product i on ,  as well as to gove rnment po l i cy .  

The qua l i ty of an  est imate o f  und iscove red r esou rces i s  h ighly 
d ependent upon ( 1 ) the quant ity and qual i ty of the geolog ic informat ion 
ava i lable, ( 2 )  the knowledge , expe r i ence , and awa reness of the group 
mak i ng the est imate, ( 3 )  the appropr iateness of the est imat ion 
methodo logy, and , ( 4 )  the economic assumpt ions used. Use rs of any 
resource est imat e must recogni z e  i t s  probabil i s t i c  nature and result i ng 
inhe rent uncerta inty. 

1 . 2  ORGANI Z ATION OF THE REPORT 

Th i s  r epo r t ,  prepar ed by the Commi ttee on Offshore  Hyd r oca rbon Resou rce 
Est imat ion Met hodo logy ( COHREM ) ,  d i scusses the g reat unce rtaint ies that 
are invo lved in r esou r ce assessments , rev iews the va r ious methods 
norma l ly used to gene rate these assessments ,  desc r i bes MMS ' s  methodology 
in  part icula r ,  presents t h i s  commi ttee ' s  conclus i ons and recommendat i ons 
concern ing MMS ' s assessment procedu res , and prov ides a deta i led g lossa ry 
and l i st of r e f e r ences. 
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Chapter 2 

R ISK AND UNCERTAINTY IN RESOURCE ASSESSMENT 

2. 1 PERSPECTIVES 

An assessor must ask two bas i c  quest ions about an und r i l led ar ea. F i rst , 
cou ld any oi l o r  gas f i e lds be pr esent in that area? The answe r depends 
on an ana lys i s  of the geolog i c  r isks . I f ,  for example , there  is a zero 
chance of adequacy that a hyd rocarbon sou rce ex ists , r eservo i r  rocks are 
p resen t ,  or there  a r e  trapping cond i t ions for at least one f i eld , the 
answer is no and the assessor proceeds no f u r ther . I f  there  i s  some 
chance tha t  the answer is yes , the second qu est ion that  natu ra l ly fo l l ows 
i s ,  how much oi l or gas? Th is  quest i on is best answered by mu lt iply ing a 
ser i es of hydrocarbon vo lume fac tors , each expressed as a range 
( r ef lect i ng the uncerta i nt i es ) ,  whose product is a range of pos s ible  
bar r e l s  of oil  o r  cub ic  feet of  gas . 

I n  prac t i ce ,  i f  the area has enough prom i se for the f ind i ng o f  
hyd r ocarbons , the assessor tac k l es t h e  second quest i on f i rst  and then 
t i es the forma l risk ana lys i s  to the resu lt . The assessor est imat es a 
cond i t iona l or  unr is ked range of poss ible  hydrocarbon vo lumes , assuming 
the condition that at least one s ign i f icant f i e ld e x i sts . ( The mean ings 
of spec i a l  t erms , as used by the commi ttee , ar e gi ven in the g lossary . )  
In  the subsequent r isk  ana lys i s ,  the assessor judges the chance that the 
f i rst assumpt i on of at least one f i eld  is r ight . Th i s  est imate is  ca l led 
the chance � success , or  the chance � adequacy , or ma rg i na l  
probab i l i ty; i t is 1. 0 ( un i ty )  m inus the r is k  that no f i e l d  ex i s ts . 

The g reat r i sks and uncerta i nt i es i nherent i n  pet ro leum explorat ion 
must be ref l ected in any rea l i st i c  assessment app roach . The fact that 
most wi ldcat we l l s  are  dry shows that geolog i c  r i sks for t h i s  type of  
dr i ll i ng act i v i ty are  high .  For assessment pu rposes , we def ine geolog i c  
!!!! a s  t h e  chance that no s ign i f icant oi l o r  g a s  f i e ld e x i s ts . A 
s i gn i f i cant f ield has a vo lume of r ecove r abl e hyd r ocarbons that exceeds a 
spec i f ied min imum that is  mean ingfu l for the area .  Geolog i c  unce rtainty 
i s  the imprec i s i on i n  est imat ing the s i z e  range , of r ecoverab l e  
hyd roca rbon volumes , f o r  sign i f icant f i e lds. Of cou rse , t h e  s i ze range 
of und i scovered f i e lds i s  extreme ly uncerta i n. Even after  d i scove ry , the 
u lt imate s ize of a f ie l d  r ema i ns uncerta i n  unt i l  devel opment and 
produc t i on a r e  comp lete . 
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Othe r terms bas i c  to our d i scu ss i on inc lude the pr ospec t , wh ich is a 
potent i a l  o i l  or gas f i e ld. A E!!l i s  a group of geo l og ica l ly related 
prospects with s im i lar  hyd r ocarbon sou rces , reservoi rs , and t r aps . A 
s ed imenta ry bas i n ,  wh ich may conta in one or more p l ays , i s  an a rea i n  
wh ich th ick  sed iments have accumu lated and a r e  preserved. 

Th i s  d iscu s s i on focuses on geo log i c  r i s k , but there a re other r i sks , 
such as f ind ing r i sks , produc i ng r i sks , and add i t i ona l econom i c  r i sks . A 
f i e ld in a subt le st rat i g r aph ic  t r ap may ex i st but be very d i f f icu lt o r  
cost ly to f i nd. Once found , a f i e ld may not b e  econom ic t o  produce 
becau se of unf avorab le water depths , produc i ng depths , pay th icknesses , 
produc i ng rates , ice cond i t i ons , or othe r env i ronmenta l cons t r a i nts . 
Even i f  techn i ca l ly produc ible , the oi l and gas might not be economic t o  
produce or t ransport. Pr ices for oi l and natural  g a s  may dec l i ne t o  a n  
unfo reseen extent. A l l  such factors mu st u lt imate ly b e  eva luated in  
add i t i on to the bas i c  assessment of  geolog i c  r i sk  out l i ned he r e ,  
pa r t i cu la r ly i n  determ i n i ng the amount o f  economical ly recoverab l e  
resources. 

2 . 2  PROBAB I LITY CURVE DISPLAY 

The mos t  common convent ion for  presen t i ng probab i l i s t i c  assessment 
resu lts is  to plot exceedance chance aga i nst the range of potent i a l ly 
recove rable hyd roca rbon vo lumes ( F igure 2 . 1 ) . The exceedance chance is 
the chance that the amount d i scove red wi l l  be equa l to or  g reater than 
the amount shown. The upper curve shows an examp le of the un r i s ked range 
of est imated pot ent i a l  hyd roca rbon vo lumes , f r om 10 to 1 6 0  un i ts ( e . g. ,  
10  to 1 6 0  mi l l i on ba r rels ) ,  cond i t iona l on the assumpt i on that 
s ign i f icant hyd roca rbon vo lumes ( he re at least 10 uni t s ) do indeed 
ex i st. Th is  cu r ve ca n be c reated d i rect ly by judgment , wh ich is the easy 
but undocumentable approach , or i nd i rect ly in va r i ous mechan ical  ways . 
One mecha n ica l way is  to mu l t i p ly togethe r seve ral est imat ed ranges of 
potent ial  hyd rocarbon vol ume f actors ( e. g . ,  pos s i b le produc t i ve a reas , 
net pay thicknesses , and vo lumet r i c  hyd roca rbon yields  for  a prospec t ) i n  
a compu ter s imu lat ion. 

The un r i s ked cu rve shows the unce rtai nty in  the range of signi f i cant 
hyd r ocarbon vo lumes as they might  e x i s t . The cu r ve may be thought of as 
a set of possible  answe rs , orde r ed from sma l lest to la rgest. For 
examp l e ,  of 1 0 0  poss ible answe r s ,  the curve ind i cates that a l l  1 0 0  ( 1 . 0  
probabi l i ty,  ce r ta in to occu r ) a r e  equa l  to or g reater than the minimum 
1 0  un i ts of hyd roca rbon volume , that SO ( 0 . 5  probab i l i ty ) are equa l  to o r  
g reat e r  than 6 0  units , that 10  ( 0 . 1  probab i l i ty )  a r e  equa l  t o  or greater 
than 1 1 0 units , and that none exceeds t he max imum of 160  u n i t s. The 
a r ithmet ic ave rage or mean of a l l  1 0 0  po ints on the cu rve is 6 4  u n i t s . 
Th i s  ave rage wou ld be the ind i cated , mechan i cal ly generated expected 
volume of hyd r ocarbons !f the prospect or p lay we r e  product i ve ; but i t  
might n o t  b e  product i ve ,  s o  r i s k -weight ing is requ i red. 

The lowe r curve of F igu r e  2 . 1 ref lects the assesso r ' s  judgment that 
this  prospect or p l ay has on ly a 0 . 5  chance of success ( ma r g i na l  
probab i l i ty )  o f  conta i n i ng 1 0  hyd roca rbon vo lume un i ts or  more. Th i s  
cu rve , t h e  r i sked cu r ve , i s  created by mu l t iply i ng each probab i l i ty on 
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UNITS OF HYDROCARBON VOLUME POTENTIALLY RECOVERABLE 

F I GURE 2 . 1  An example of an un r i sked and r is ked assessment probab i l i ty 
cu r ve. 
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the uppe r ,  u n r i s ked cu r ve by the chance of success. I f  there we re 1 0 0  
prospec ts or  p lays l i ke this  example , the assessor i s  est imat i ng that 
only 5 0  ( 5 0 percent ) wou ld have vo lumes i n  the un r i s k ed range f rom 1 0  to  
160  units . The other 5 0  wou ld be dry or conta i n  less than 1 0  u n i t s. ( Ten 
u n i t s  or  fewe r a r e  for pract i ca l purposes cons ide red he re to be 
insign i f i cant va lues to be t r eated as zeros. ) I f  1 0 0  such pr ospec ts o r  
plays we re d r il led , t h e  ave rage value for expected hyd roca rbon volumes 
would be 3 2  units , wh i ch is the ar i thmet ic mean of 50 zeros and 50 values 
f r om the ent i re unr i sked range. Although the probab il i ty curve format is 
not easy to compr ehend , it i s  essen t i a l  for por t r ay i ng the unce r t a i n t ies 
and r i sks  i nhe rent in  resou r ce appra i sa l. 

Because of sta t ist ica l cons i derat ions , aggregat ion of the results of 
a compos i te resou r ce appra i sal for several a r eas  is  not i ntu i t i ve. Fo r 
i nstance , r i s ked means a r e  add i t ive , but unr i s ked means a r e  not. 
Est imates at the 9 5  per cent and 5 percent leve l a re not add i t i ve for  
e i ther  curve . Summat ion of severa l cur ves i s  pos s i ble , but only by use 
of approp r i ate s tat i st ica l methods. 

2 . 3  ESTIMATION PROBLEMS 

The process of est imat ing the resou rce ba se cons i sts of translat ing the 
necessa ry  geolog i c  assumpt i ons i nto a mathemat ical  model to est imate the 
amount of hyd rocarbons that may be present. The geolog i c  assumpt i ons 
that go i nto an assessment are of pa ramount importance. Overwh e lming 
prob lems can occu r i f  the wrong geolog i c  concept is  modeled , i f  the r ight 
geo l ogy i s  mode led wrong ly,  or wo r st of al l ,  i f  a prospect or p l ay is  not 
mod e l ed at a l l  because the concept i s  mis sed ent i r e ly. No amount of 
stat i st i ca l  soph i st i ca t i on can counterba lance e r r oneous geolog i c  
assumpt ions . With unpred i c table geology or poor judgment , an assessor ' s  
cu r ve can complete ly m i ss the ma r k. The ch i ef causes of these problems , 
d iscu ssed in  deta i l  be low, are  the complex i t i es of o il and gas 
occu r r ence , the i nad equaci es of data , the j udgmental natu re of the 
necessary r is k  we ight ing , psycho log i ca l  inf luences , and mod el i ng 
p i t fal l s. 

Commerc i a l  o i l  and ga s f i elds result f r om the complex interp lay of 
va r i ous geolog i c  factor s . At lea st 11 factors--sou rce r i chness , 
maturat ion , mig rat ion,  t iming , reservo i r  th icknes s ,  poros i ty ,  
pe rmeabi l i t y ,  t rap s i ze ,  sea l , preservat i on ,  and recove ry--must each be 
adequate,  or  no s i gni f icant volumes of hyd roca rbons can accumulate or  be 
produced . Because of the u ncommon occur rence of these factors i n  
favorable comb i nat i on , r e la t i vely few prospec ts become comme rc i al o i l  and 
gas f i elds . Thus , the re i s  a h i gh r i s k  of dry holes assoc i ated w i th 
exploratory d r ill i ng. The d i f f iculty of eva luat ing the pe r t i nent 
geo l og ic factors i s  accentuated by ou r impe r f ect k nowledge of many of the 
fundamental processes involved. 

Even under i dea l cond it ions , the assessor of und i scove red oi l and gas 
resou r ces must wor k  with i ncomplete a nd uncerta i n  data before d r il l i ng 
occu r s , for dr il l i ng prov i des the only way to eva luate wi th conf i dence 
all aspects of source , reservoi r ,  a nd t r ap. Assessors use a ll appl i cabl e 
ava i l able geolog i c  da ta concer n i ng the a r ea under cons i derat i on. These 
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may inc lude d i r ect obse rva t i ons f rom we l l s ,  s e i smic ref lect ion prof i les , 
a nd cha racte r i st ics of nea rby f i e lds . I n  f r ont i e r  a r eas , nea rby we l l  and 
f i eld  da ta a r e  spa rse or nonex i stent . The refor e ,  ana log i es with known 
a reas a r e  common ly used to cope w i th the substant i al unce rta i nty . 
Howeve r ,  no two a r eas  are  eve r exac tly al i ke .  Not knowing the r ight 
answe r i n  advance , the assessor is  forced to play the ave r ages . As the 
ave rage of many hypothet ica l poss i b i l i t ies is  neve r the exact actual 
answe r , the assessor is doomed to be wrong on each i nd i v i dual t r i a l .  The 
best tha t ca n be done i s  to bracket the rea l  answer wi th i n  the range , and 
to g i ve poor prospects and pl ays a low chance of adequacy , and good ones 
a h igh chance. The assessor ' s  pe r f o rmance rea l i st ica l ly can only be 
gauged over many t r ia ls by compar ing the sum of the p r ed i cted r i sk ed 
means wi th the sum of the d i scove r ed vo lumes , wh ich shou ld be the same . 

The inescapable r i s k ing step ,  wh i ch levi es a power f ul weight on the 
f i na l  assessment product , is and always wi l l  be a high ly judgmenta l 
process. I t  can be gu ided by expe r i ence , but the futu re in some way o r  
anothe r  wi ll  a lways d i f f e r  f rom t h e  past. The r is k s  shou ld be 
systemat ical ly related to the relevant geolog ic factor s ,  so that the key 
ones can  be fu r ther  i nves t igated or mapped , and inte r dependenc i es 
estab l i shed . 

Psycho log i c a l  inf luences , the emot iona l and mot i vat iona l factors that 
may af fect the i nd i v i dua l or group cons t ruct i ng assessment s ,  are sel dom 
recogni zed and neve r acknowl edged. An ind i v idua l ' s  pe rcept i on of r i sk  is 
often an i nt r i cate mix of actua l observat i ons on geo logy and at t i tudes 
towa r d  r i s k  tak ing . Pas t  exper ience wi th un favorable geology and a 
caut i ous att i tude can lead to undu ly conserva t i ve est imates , wh i le some 
exube rant assessments a r e  br ought on by pat r i o t i c  enthu s i a sms or 
j ost l ings for budgets or the approva l to d r i l l .  To ask a local expert  to  
assess h i s  a r ea i s  of ten l i ke as k i ng a chambe r of comme rce how good its  
town i s. Other pe r i l s inc lude ant i c ipat ing a des i r ed result rather  than 
what natu r e  ha s bestowed , or des i r i ng to inf luence company or nat i ona l 
po l i c i es for u l te r ior mot i ves . Wh i le such inf luences a r e  r a r e ly ca r r i ed 
to the ex t r emes of ma l i ce or consc i ous decept i on ,  the i r  ex i s tence argues 
we l l  for f u l l  documen tat i on of the log i c  and bas i c  assumpt ions in 
assessments. 

Mode l i ng pi tfa l l s  are nume rous . They may be s i mple mathemat ica l 
errors , input m i s takes , incor rect log i c ,  lack of standa rd def i n i t ions and 
procedu r es , e r r ors of omi s s i on ,  bad ana log i es , err oneous assumpt i ons , 
wrong cor relat i ons , or a host of other evi l s. S ign i f i cant anoma l i es a r e  
caught whe r e  t h e  outcome is  i rrat iona l , b u t  a constant gua rd must be 
posted. 

2 . 4  SUMMARY 

I n  spi te of a l l  of these unce r t a i nt i es and poss i b i l i t i es for e r r o r , both 
government and i ndustry mu st have systemat i c ,  quant i ta t i ve est imates on 
wh ich to base po l i cy or investment dec i s i ons . I t  is  important to use a 
method that rea l i st i cal ly sca les hyd roca rbon occu r r ence in  a geo log i c  
mode l .  I t  is then necessary f o r  assessors t o  document the ir assumpt i ons 
a nd for users  to be aware of the l imitat i ons. It is very important to 
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cons i d e r  the who le range o f  poss i b i l i t i es rather than t o  f ocus o n  only 
one numbe r ,  such as the r isked mean , wh ich is better  v i ewed in a relat i ve 
sense than as  an absolute va lue for the f i na l  outcome. Assessors 
gene r a l ly a r e  mor e  successfu l at rank i ng opportun i t ies f r om rela t i ve ly 
good to r e la t i ve ly bad than they a r e  at  center i ng on the cor rect resou r c e  
vo lumes. 
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Chapter 3 

PETROLEUM RESOURCE ASSESSMENT METHODS 

3 . 1  OVERVIEW 

Approaches to asses s i ng und i scove r ed potent i a l  include two ma j or c lasses ; 
those that break the prob l em down into i ts log i cal ,  prac t i cab l e ,  and 
documentable component vo lume and r is k  fac tors ; and those tha t gene rate 
unsea led , d i rect hyd roca rbon-volume est imates , u s i ng delph i or analogy 
techn iques . Judgment and ana logy a r e  app l i ed at every step of both 
c la sses of methodology ; however , the assumpt ions and control l i ng factors 
in  the second class cannot be adequately documented . Thus , these 
procedu res are not appropr iate for the needs of MMS , and are not furthe r 
cons i dered her e .  Those methods that fa l l  into the f i rst  class requ i r e 
the generat i on of spec i f i c input pa r amet ers that can be documented , 
rev i ewed , and mod i f i ed as needed . These methods a r e  descr i bed in th is 
chapter . 

The methods of asses s i ng und i s cover ed potent i als under cons i derat ion 
may be prac t i ca l ly subd i v i ded into those app l i ed to i nd i v i dua l prospects , 
to plays ( g roups of prospects ) ,  to bas i ns ( g roups of plays ) ,  and to 
reg i ons ( g roups of bas ins ) .  Each method summa r i zed on Tab le  3 . 1  i s  
p laced at i ts ma in leve l of ut i l i ty ,  a l though some methods have mo r e  
l imi ted app l i cabi l ity at other l eve l s . The methods are des ignated by 
the i r  ma in volume-factor components , but each method , except ing the 
regi ona l project ions , must ordina r i ly a lso incorporate we i ght ing for 
geolog i c  r is k . Methods u s i ng areal hyd rocarbon y i e lds have genera l ly 
been superseded by the volumet r i c  approaches l i s ted . Techniqu es for 
pro j ec t i ng the r eserve growth of d i s cove r ed f i e lds are not d i scussed . 

The fol low ing d i scuss i on g i ves deta i ls on the ch i ef characte r i s t ics , 
o r ig ins , app l i cat i ons , and l im i tat ions of these methods . 

3 . 2  PROSPECT METHODS 

3 . 2 . 1 Trap Volume 

The t rap-vo lume method focuses on the pa rameters  cont roll i ng trap 
volume . The oi l or ga s content of that volume i s  int roduced w i th a n  
arbi trary hydroca rbon f i l l  f ract i on . The deta i led vo lume factors t o  be 
mu lt ipl i ed are c losu re area , cor rected average gros s  reservoi r t h i c k ness 

14 
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TABLE 3 . 1  Out l i ne o f  Methods for Assess ing Und i scovered Pet r o l eum 
Resour ces 

PROSPECT METHODS 

1 .  Trap Vol ume : As ses s i ng ef fect i ve reservoir por e  vo lume under 
closure , w ith est imated hyd roca rbon f i l l  f ract i on . 

2 .  Trap and Hydrocarbon Cha rge Volumes : Asses s i ng trap volume as 
above , w i th hyd roca rbon f i l l  f ra c t i on r eplaced by est imates of 
oi l and ga s vo lumes generated , mig rated , and tr apped . 

PLAY METHODS 

1 .  Summat ion of Ind i v i dua l Prospec t Asses sments . 

2 .  Grouped Geo log i c  F i e l d  Numbers and S i zes : Us ing prospect count s  
and success rat ios wi th f u t u r e  f i eld-s i ze d i s t r i bu t i ons , or 
f i e ld dens i t i es w ith future f i e ld-s i z e  d i s t r ibut ions . 

3 .  D i scove ry-Process Mode ls : Pro j ect ing futu re d i scove r ies f r om 
stat i st i ca l  ana lys is  of h i s tor i ca l  f i e ld-s i ze d i s t r ibu t i ons i n  
relat ion t o  d r i l l i ng ef fort . 

BAS I N  METHODS 

1 .  Summat ion of Play As sessments . 

2 .  Sed iment Volumes and Yie lds : Us ing total or mod i f i ed s ed iment 
vo lumes and a hyd r oca rbon y i e l d  pe r un i t  vo lume . 

REGI ONAL METHODS 

1 .  Summat ion of Bas in Assessments . 

2 .  L i f e-Cyc le P r o j ect i ons : Forecast ing d i scover i es f rom the 
histor i ca l  product ion r ecord through t ime . 

3 .  D i scovery-Rate Ext rapolat i ons : Forecast ing d i scove r i es f r om the 
histor i ca l  d iscove ry rate as related to d r i l l i ng ef fort . 

4 .  Economet r i c  Methods : Ana lyz ing past and future d r i l l i ng effort 
and d iscove r ies f rom supp ly ,  demand , pr ice , and regu latory 
cont ro ls . 
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over that area , t h e  reservo i r  net/gross rat i o ,  ave rage po ros i ty ,  
hyd roca rbon satu rat ion, format ion vo lume fac tor , the hyd roca rbon f i ll 
f ract i on ,  a nd the recovery e f f i c i ency . F igu re 3 . 1  d i splays the factors 
that are impo r tant in this mode l .  A shortcut is to mu lt iply poten t i a l ly 
p roduct i ve a rea by an assumed ave rage net pay th i ckness and by a 
recove rable y i e ld pe r un i t  volume ; these three factors inc lude lumped 
cons iderat i on of a l l  the det a i led factors , inc lud ing hydroca rbon f il l .  

For many years , a s i ng le most l i kely va lue for each factor was 
mu l t i p l i ed to produce a s ing le est imate . I n  the late 1 9 6 0 s, va r i ous 
workers proposed the use of Monte car l o computer methods to prod uce a 
range of est imates r ef lect ing the i nherent uncerta i n t i es ( Stoian , 1 9 6 5 ; 
Wa l s t r om et a l . , 1 9 6 7 ; Smi th, 1 9 6 8 ) .  When u s i ng the Monte Ca r l o  
procedu r e ,  probabi l i ty d i st r i bu t i ons are  determined by runn i ng many 
t r i a l s . Each input fac tor is entered as a range , and the comput e r  
mu lt ipl i es out many d i f ferent pos s i b le comb i nations that cover a l l  ranges 
of a l l  fac tors . The res u l t  is a large numbe r of pos s i b l e  answe rs that 
can be orde red f r om sma l lest to la rgest to produce an u n r i s k ed or 
cond it iona l probab i l i t y  curve ( F igu re 2 . 1 ) . An est imate of the ove ra l l  
chance o f  adequacy ( ma r g i na l  probabi l i ty ) , based o n  ana lyz ing the 
geol og i c  contro ls requ i red to ex ceed the min imum of each vo lume factor , 
is then used to produce the r isked cu r ve ( Gehman et a l . , 19 8 1 ) .  

Th is  is  the fundamenta l assessment approach used in est imat i ng 
und i s covered r esou r ces and i n  est ima t i ng d i s covered reserves befo re 
apprec iable eng inee r ing da ta become ava i lable . I t s  ef f ect i ve use depends 
on reasonable del i neat i on of the prospec t ,  norma l ly by s e i smic survey . 
Al l key assumpt ions a r e  la i d  out , and a l l  interpreta t i ons are 
documented . The most cr i t i c a l  and uncerta in factor ,  of cou r se, i s  the 
hydr oc a rbon f i l l  frac t i on ,  whose range and cent ral  tendency are se lected 
judgment a l ly .  Common ly the range i s  set f r om near zero to 1 . 0, and , i n  
the absence o f  def i n i t ive da ta on the sou rce rock o r  whe r e  many prospects 
a r e  be ing assessed , th i s  may be the on ly feas i b le approach . Where data 
and t ime are ava i labl e ,  howeve r, cons i d e rat ion can be gi ven to the more 
deta i led method d i scussed nex t .  

3 . 2 . 2  Trap and Hydroca rbon Cha rge Volumes 

The t rap and hyd roca rbon charge volume method uses the same trap-volume 
ana lys i s  desc r i bed above and also prov i des , by geochemica l mater ia l 
ba lance ca lcu lat i ons , an i nd ependent measure of hyd roca rbon cha rge o r  
f i l l .  The cha rge est imate i s  based on an ana lys i s  of the vo lumes of oi l 
and gas gene rated , mig rated , a nd trapped . Many factors must be 
quant itat ive ly eva luated, inc lud i ng ( 1 ) e f f ec t i ve source-roc k  th ic kness, 
( 2 )  o r i g i na l  organ i c  ca rbon conten t ,  ( 3 )  orga n i c  matter  type , ( 4 )  
pa leodra i nage area and con t i nu i ty ,  ( 5 )  oi l and gas y i e lds thr ough t ime as 
a func t i on of ma tu rat ion , ( 6 )  oi l a nd gas losses du r ing ve r t i c a l  and 
late r a l  migrat ion , ( 7 )  a l l  of the trap-reservo i r  volume factors , ( 8 )  trap 
t im ing rela t i ve to migrat ion ,  ( 9 ) oi l and gas losses at the trap re lated 
to sea l leakage o r  b i odeg rada t i on or f lush ing or ove rcook ing ,  ( 10 )  
hyd rocarbons spi l l ing out of or  into the trap to or  f r om other d r a i nages, 
and ( 1 1 )  recovery ef f i c i enc i es . I n  add i t- ion to the usual soph i s t i cated 
geo log i c a l, geophys i ca l , and geochemica l  stud i es ,  t h i s  approach requ i r es 
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Potential reservoir 

Hyd rocarbon Volume Fac tors 
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• 

• 

• 

• 

C l osure a rea 

Ave rage reservo i r thickness 
( i nc lud ing net/g ross rat io ) 

Poros i ty ( includ ing 
saturat ion , shrinkage ) 

Hyd roca rbon f i l l  f rac t i on 

Recovery 
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Hyd rocarbon Controls  or Geolog i c  R i s k  
Factors 

• 

• 

• 

• 

• 

Ex istence of f o ld o r  fau l t , 
fac i es or unconform i ty pi nchout 

Fac i es change , t runcat i on ,  or 
fau l t i ng 

Cementa t i on ,  f r ac tu r ing, 
presence of solut ion cav i t i es 

source qua l i ty ,  quant i ty ,  
matu rat ion , migrat i on ; sea l and 
t iming ; preservat ion f r om 
f lush ing , ove rcook ing , or 
bi odegradat i on 

Permeab i l i ty ,  v i scos i ty ,  
d r i ve mecha n ism 

FIGURE 3. 1 Prospect resou r ce assessment . 
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deta i led ana lyses o f  bu r ia l ,  therma l , pr essu re , and tecton i c  h i s tor ies . 
S l u i j k  and Neder l of ( 19 8 4 ) pres ented an e l egant ca l i brated ver s i on of 

th is method using a propr i etary computer program and da ta set of some 3 5 0  
tested and ana lyzed prospec ts wor ldwide .  Mur r i s  and Dema i son ( 19 8 4 ) 
repo r ted that this  ge ochemica l ly ba sed approach has ma r k ed ly incr eased 
forecast ing ef f i c i ency compared to prospect rank ings by t rap s i ze on ly . 
Dema i son ( 1 9 8 4 ) noted h igher prospect i ng success rat ios in a r ea s  
unde r la in b y  mature sou r ce rock s .  B i shop e t  a l .  ( 19 8 4 ) presented a 
prospect vers i on of the method depending on a propr i eta ry computer 
prog ram w i th ind i v i dua l ca l ibrat ions of many of the i nput va r iab les . 
Other oi l compan i es a lso have propr i etary computer programs that 
ca lcu late the volumes of hyd roca rbons generated by a source roc k  and 
migrated to r es ervoi rs . Russ i an inves t igators have wor k ed on s i m i l a r  
approaches f o r  a l ong t ime ( Semenov i ch et a l . , 197 7 ) .  

The complex i ty of th is  techn ique is  both an advantage and a 
d rawback . I t  i s  important to try to unde rstand and quant i fy a l l  k ey 
cont rols of o i l and ga s occu rrence . I t  is d i f f i cu l t  and t ime-consuming 
to do so , however ,  and the requ ired computer  programs and ca l i brated data 
sets are beyond the present reach of most assessors . The approach can 
r educe ( but not remove ) r i s k  in  many areas , and by s tages i t  wi l l  
u l t imately r ep lace some of the sho rt-cut assessmen t  methods . 

Va r i ous  authors have mode led hyd roca rbon generat i on , migrat i on ,  and 
ent rapment in broader p lay or bas i n  a r eas ( McDowe l l , 19 7 5 ; Mompe r and 
Wi l l i ams , 1979 ; We lte and Yuk l er ,  1 9 8 4 ) .  Typ i ca l ly ,  the va st amounts of 
hyd rocarbons thought to be generated must be cu t down to s i ze by impos ing 
assumpt i ons of very low expu l s i on ,  migrat ion , and/or t rapp ing 
ef f i c i enc i es r e lated to hyd roca rbon retent ion in the sou rce or to loss 
du r ing migra t i on .  At the prospect leve l ,  the loca l i zed t r ap-vo lume , 
d r a i nage , and sea l cons t r a ints he lp to keep the method t i ed to rea l i ty .  
But such factors become an order of magn i tude more d i f f i cult to ana lyze 
on a p laywi de or bas i nw i de bas i s . The method today can thus be app l i ed 
most ef fect i ve ly to prospect s ,  a lthough resea rch i s  under way on 
la rger -a r ea app l i ca t i ons . 

3 . 3  PLAY METHODS 

3 . 3 . 1 summat ion of Ind i v i dua l Prospect As sessments 

Summing the r i sked cu rves of a l l  component prospec ts i s  the most deta i led 
form of p lay assessment . The sums can be made by Monte ca r l o  simulat i on , 
but car e  shou ld be taken to isolate any geolog i c  dependenc i es between 
prospects ( Gehman et a l . , 1 9 81 ) ,  or  the f i na l  ma rg i na l  probab i l i ty and 
h ighs i de poten t i a l  of the summed cur ve may be ser ious ly mis lead i ng . Th e 
ini t i a l  geolog i c  def i n i t i on and de l i neat i on of the prospects to be 
grouped as a play are absolute ly cr i t ica l to the outcome . Typ i ca l ly ,  the 
prospec ts in a play shou ld share some common elements of r is k  ( Baker et 
al . ,  1 9 8 4 ) ,  and i n i t i a l ly l umping d i s t inct ly d i f fe rent prospects f r om 
d i ffer en t  plays defeats the purposes of probabi l i ty ana lys i s .  Also , in 
most plays at  any gi ven t ime , it i s  not pos s i b le to ident i fy and 
del i neate a l l  the prospects ; thu s ,  add i t i ona l un i dent i f i ed ones shou ld be 
postu lated . 
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Th e advantage of prospec t agg r egat i on is that i t  preserves t h e  mos t 
deta iled record of exac tly where and in  what types of depos i ts the 
postulated potent i a l s  l i e. The d i s advantage is that the assessor is so 
entangled w i th the deta i l s  of what he can see that he may fa i l  to grasp 
the s i gni f icance of wha t  he cannot see. MMS ' s  computer  model called 
PRESTO , ac r onym for ! robab il i s t i c  !esou rce � imates-Qf fsho r e ,  is a 
prospect-summat ion prog ram ; characte r is t ics and qual i t i es wil l be 
revi ewed i n  deta il in the next chapter. 

3 . 3 . 2  Grouped Geolog i c  F i eld Numbe rs and S i zes 

The most common procedur e  i s  to take a def ined , geolog i cally r e l a t ed 
g r oup of known and/or postulated prospec ts , to apply a success rat io in a 
Monte ca rlo s imu lat ion to est imate a number of poten t i a l  f ie lds , and 
s imi larly to ass ign f i eld s i zes ( volumes of recove rable hyd r oca rbons ) 
from an appropr iate d i s t r i bu t i on. Sepa rate assessments can be made for 
oil and fo r gas pr ospects and f i eld-s i ze d i s t r ibu t i ons. 

Atwater ( 1 9 5 6 ) p i oneered the method us ing s i ng le values for each 
parameter. The Geol og i ca l  Survey of canada ( Roy et al. , 19 7 5 ) used 
ranges of va lues for both prospect number s  and f i e ld s i zes ; the 
f i eld-s i z e  d i s t r i bu t i on was prepa r ed in a prospec t- l i ke s i mulat i on whe r e  
the t rap-volume and other  pa rameter ranges r epresented all t h e  pr ospect s  
rather than j u s t  one. L. P. Wh i te (1979 ) i n  h i s  RASP (!esou rce �pra i sal 
! imulat i on for !et roleum ) play prog ram expanded the Canad ian model to 
i s olate marg inal  and cond i t ional probab il i t i es and to s i mulate the 
explora t i on process. Baker et a l. ( 19 8 4 ) had developed a s imi lar 
app r oach , of fer ing add i t i ona l va r iety in  u s i ng f i eld dens i t i es for 
est imat ing f ield numbe rs , and known- f i eld reser ves for  cons t ruct i ng 
h istor ica l f i eld-s i ze d i s t r ibut i ons. 

The st rengths a r e  tha t the method dea l s  wi th the natural explorat i on 
uni t s , prospec ts and f i e l ds ,  w i th spec i f i ed numbers , s i zes , and 
prob ab i l i t ies. The assessment results ca n read ily be used for economic 
analys i s , plann ing pu rposes , and d i scovery forecast ing. The r e  is  a 
bett er perspec t i ve on the group than in  ind i v i dual prospect agg r egat i on ,  
pa r t i cula rly i n  the a ll - important r i s k ing step ,  and the procedu re i s  much 
s i mpler and less t ime-consuming. On the other  hand , the poten t i als of 
ind ividual prospec ts are n ot spec i f ical ly ident i f iable and the f i eld-s i ze 
d i s t r ibut ion ca n be in ser ious error  i f  the s i z e  of the la rgest prospec t 
is  not k nown or not prope r ly hand led. ( The same holds t r ue for prospect 
summat ion , of course. ) No method i s  very helpful in  asses s i ng subtle 
strat ig raph ic t raps. It is probab ly more rea l i st ic ,  however , to t reat 
such t r aps in a play grouping , u s i ng ana log i es to se lect the f i eld 
number s  and s i z es ,  than it i s  to t ry to def i ne all ind i v i dual prospects. 

3 . 3 . 3  D i scove ry-Process Models 

These methods project future discove r ies f r om stat i s t ica l analys i s  of 
d i scove red f i eld-s i ze d is t r ibu t i ons , common ly in relat ion to d r ill i ng 
effo r t. Arps and Robe rts ( 1 9 5 8 ) f i rst  appl i ed this techn ique to a 
C retaceous p l ay in the Denver Bas i n ,  clear ly recogn i z ing that the s tudy 
un i t  shou ld cons ist  of geol og i ca l ly similar f i elds. The bas i c  
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assumpt ions are that the la rgest f i elds tend to be found ea r ly ,  and that 
the r e  i s  a syst ema t i c  d is t r ibut i on of succes s ive s i ze c lasses of f i e lds 
w i th in a f i n i te area to be explored . Many other inves t i gators have 
wor ked w i th th i s  type of mod e l , as r ev i ewed by Ade lman et a l .  ( 19 8 3 ) . 

Th is  approach is app l i cable , of cou rse , on ly in a r ea s  whe r e  a 
cons iderable numbe r of d i scove r i es have been made . I t  prov ides a usef u l  
v i ew o f  the futu r e  a s  it  might relate t o  t h e  pas t ,  and i t  serves a s  a 
va luable check on the resu lts of geolog ical methods . There  is  no 
guarantee , howeve r ,  that gaps in  an ex i s t i ng f i eld-s i ze d i s t r i but ion wi l l  
b e  f i l led . The k ey ques t i on i s  whether or not actua l geolog ic prospects 
ex i s t  for d i scove ry of the largest pos tu lated f i elds . Geolog i c  ana lys i s  
o f  actua l oppor tun i� i es should b e  included w i th the stat i s t i ca l  
procedur es .  

3 . 4  BAS I N  METHODS 

3 . 4 . 1 Summat ion of Play Assessments 

Summing the r is ked cu r ves of a l l  component plays ( or prospects ) by Monte 
Car l o s imu lat i on i s  the most deta iled form of bas i n  assessment . Aga i n ,  
any geolog i c  dependenc i es of source , r eservoi r ,  o r  t rap cond i t ions 
between p lays shou ld be cons i dered in  the summat i on process , a l though the 
importance of interdependen c i es genera l ly dimin i shes at h igher levels  of 
agg r ega t ion .  Except in dense ly dr i l led bas i ns , it may be des i rable to 
postu late some vagu ely i dent i f i ed plays to compensate fo r 
se r end ip i ty--the d i scovery surpr i ses , such as  subt le traps , that we re not 
conce i ved at the t ime of assessment . 

3 . 4 . 2  Sed iment Vo lumes and Yie lds 

In the s i mp lest form,  the tota l sed iment vo lume in  a bas i n  is mu l t i pl i ed 
by a n  average recoverable hyd rocarbon y i e ld per un i t  volume taken f r om a 
developed bas in of appa ren t ly simila r geolog i c  character ( Week s , 19 5 0 ) .  
A range of volumes can be mu l t ip l i ed by a range of y i e lds in  a Monte 
ca r l o  s imu la t i on .  One mod i f i cat ion is to use on ly the coarse ( poten t i a l  
reservoi r )  f ac i es volumes w i th cor r espond ing y i e lds ( Wh i te et a l . , 1 9 7 5 ; 
Her r ington , 1 9 83 ) . Or mor e  complex sys tems can be dev ised to mod i fy the 
volumes and y i e l ds to accou nt bet t e r  for the inf luence of reservoi r ,  
t r ap ,  sou r ce ,  and mig rat i on fac tors ( Jones , 1975 ) .  

Th is pionee r ing method , the forerunner of a l l  quant i ta t i ve 
assessments , is now near ly obsolete . The lump-sum result cannot be 
d i saggregated into f i elds for modern econom i c  and plann ing a na lyses . 
Bas ins genera l ly are too heter ogeneous lateral ly and ver t ica l l y  to be 
cha r acter i zed ef fect i vely at one s troke . Systema t i c ,  geolog i ca l ly 
cons i stent ana lys i s  i s  far more feas i b le at the play leve l .  About the 
only r ema i n ing common use of bas in  volumetr i cs i s  to ve r i fy j udgment on 
agg regat ions , by compar ing the potent i a l  hyd roca rbon sum , translated into 
a y i e ld factor ,  w i th known bas in  y i e lds . 
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3 . 5  REG I ONAL METHODS 

3 . 5 . 1 summat ion of Bas i n  As ses sments 

summ ing the r i sked cu rves of a l l  component bas i ns i s  the most deta i led 
form of r eg i ona l assessment , espec i a l ly i f  the bas i n  assessments are in 
tu rn ag gregates of play assessments . 

3 . 5 . 2  stat ist ica l Projec t i ons 

The thr ee bas i c  types of sta t i s t i ca l  pro j ec t ions or h istor ica l 
ext r apo lat ions outl ined below are descr ibed in  deta i l  by Adelman et a l . 
( 1 9 8 3 ) .  

• Li fe-cycle projec t i ons assume a relat ively s i mple funct i ona l 
relat i on between t ime a nd the amounts of oi l and gas produced per unit  of 
t ime .  Hubber t  ( 1 9 6 2 ) fit  the u . s .  h i s tor i ca l  product ion - r ate cur ve with 
a log is t ic func t i on that models the i nev i table r i se and dec l i ne of the 
explo i tat ion of an exhaust ible  natu ra l r esou rce . Hubber t ' s  r es u l t i ng 
est imates of u lt imate product i on we re conserva t i ve but we re probably 
closer to the t ruth than most ge olog i c  est imates of the t ime . 

• D i s covery-rate ext rapolat ions assume that the oi l and ga s 
d iscove ry rate pe r un i t  of d r i l l i ng effort in a matu r e  prov ince whe r e  the 
biggest f i e lds have been found wi l l  dec l i ne with  increas i ng cumu l a t i ve 
dr i l l i ng ef fort  or cumulat i ve d i scove r ies . Hubbe r t  ( 19 6 7 ) tr i ed th is 
approach and got substant i a l ly the same r esu lts g i ven by his l i fe-cycle 
projec t i on .  

• Economet r i c  methods attempt t o  analyze pas t  and futu r e  d r i l l i ng 
ef fort  and d i scover i es f r om the standpo int of supply , demand , pr i ce ,  and 
regu latory cont rols . 

The preced i ng sta t ist i ca l  pro j ec t i ons a r e  appropr iate on ly in  mature 
a reas . They can prov ide rea l i ty-rooted , lump-sum as sessments for 
compar ison wi th other agg regat ions . The r e  is of ten ambigu i ty about the 
exact a r eas and depths tru ly r epresented by the pro ject i on ' s  r e su lts , and 
loca t i ons of the ch i ef potent i a ls cannot be ident i f i ed .  The prope r 
mat hema t i ca l  forms for projec t i ons a r e  rarely sel f -ev ident . Assessmen t 
i s  f undamenta l ly an ana lys i s  of futu r e  geolog i c  oppor tun i t i es ,  and the 
future often is  not readi ly pred i ctable f r om past pe r formance . 
Sta t i s t i cs do not generat e  new-p lay concepts . 
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Chapter 4 

PETROLEUM ASSESSMENT METHODOLOGY OF THE M INERALS MANAGEMENT SERVICE 

4 . 1 OBJECTIVES , REQUIREMENTS , AND DATA 

The M i nerals  Management Service ( MMS ) has the respons ib i l i t i es to ( 1 ) 
est imat e the technol og i ca l ly and econom i ca l ly recove rab l e  und iscovered 
pet ro leum energy resou r ces of the Outer con t i nenta l Shelf ( OCS ) for 
p l anning areas and potent i a l  lease sales ; ( 2 )  to ana lyze economi c  and 
eng inee r ing pa r ameters for assess ing env i ronmental impacts and 
determin i ng bid adequacy ; and ( 3 )  to conduct cost -benef i t  stud i es of 
leas ing a l t e rnat i ves . To meet these ob j ect i ves , MMS def ined three 
tech n i ca l  requ i rements fo r its  resou r ce assessment approach . F i rst , the 
methodology used mu st a l l ow areas or tracts to be added or  de leted to 
eva luate the impac t of the i r  inclus i on or ex c l u s i on in a sa le . Second , 
t he methodo l ogy mu st be r eproduc ibl e ,  a l low i ng est imates to be updated as 
new in format ion becomes ava i lable . Th i rd ,  the methodo logy must  be 
f l e x i b l e ,  a l low ing i t  to address va r i able states of knowledge from matu re 
lea s i ng areas to f r on t i er bas ins  for wh ich very l i tt le in format ion may be 
ava i lab le . 

The Minerals  Management Serv i ce has an inventory of iden t i f i ed 
prospects and the i r  est imat ed resou r ce pot ent i a l s . Th i s  inventory , wh i ch 
i nev i tably is  incomplete and unce r ta i n ,  changes over t i me as knowledge 
evo lves f r om s e i sm i c  and geolog i c  eva luat i on to exploratory d r i l l i ng .  
Dur ing the sea r ch for o i l and gas , prospects may be added to or de leted 
f r om the i nventory as they are ident i f ied , condemned , o r  produced . I t  is  
on  th i s  chang i ng info rmat ion base that leasi ng dec i s i ons are  mad e . MMS 
se lect i ve ly acqu i res i ndust ry geo log i c  and geophys i ca l  data as a 
cond i t ion of lease permits and regu lat ions . To suppor t  MMS ' s  lea s i ng 
dec i s ions , these data are caref u l ly ana lyzed and inte rpreted to l ocate 
and map geolog i c  featu res capabl e  of t r appi ng hyd roca rbons , and to 
estab l i sh va lues for geolog i c  par ameters necessary for resou r ce 
assessment and economi c  eva luat i on . 

By the end of f i sca l yea r 19 8 4 ,  MMS had acqu i red 8 7 4 , 0 0 0  l i ne-m i les 
of common depth po i nt se i sm i c  data , about one-th i rd of the tota l obtained 
by the petroleum indust ry . MMS a l so has access to a l l  offshore 
propr ietary we l l  l ogs and wel l  in format ion col lected by the indus t ry , 
includ ing the results  of Cont inenta l Offshore Strat igraph i c  Test  ( COST ) 
wel ls , wh i ch a r e  jo int ventu res sponsored by indus try to obtain  geo l ogic 
informat ion in unexplored areas . 

2 2  
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4 . 2  PRESTO METHODOLOGY 

The computer  mode l  ca lled PRESTO ( ac r onym fo r !r obab i l i s t i c  !esource 
�imates-Qf f shore ) prov ides for  prospect summa t i on by means of  a 
mathemat ica l  r epr esenta t i on of an a r ea hav ing pe t r o l eum poten t i a l .  I t  
incorporates a l l  relevant ava i lable data t o  der i ve est imat es o f  
und i scove r ed economica l ly r ecove rab l e  r esou rces expres sed a s  ranges of 
va lues , represent ing a l l percei ved outcomes . PRESTO s imu lates 
exploratory dr i l l i ng for the a r ea of study . I n  the s i mu lat i on ,  each 
pos s ible prospect is • d r i l led • a nd i f  hyd rocarbons are •d i scovered , •  the 
amount of resou r ces is  ca lcu lated . PRESTO ca lcu lates pr ospect-spec i f i c  
resou r ces . However , i f  su f f i c i ent st rat ig r aph i c  in format i on is  ava i lab l e  
t o  cons i der geolog i c  zones or ho r i zons within  a pr ospect , PRESTO a l lows 
the opt i on of comput ing zone- level resou r ces . 

F igu r e  4 . 1  summar i zes the steps tak en by MMS pe rsonne l at the fou r 
reg i ona l of f ices to prepar e  ava i lab l e  data for input into the PRESTO 
mod e l  as  pa rameters . 

4 . 3  PRESTO INPUT VARIABLES 

The M inera ls Management Serv i ce r eg i on a l  eva luators have att r ibuted 
vo lume factors to each of some 2 , 4 0 0  OCS prospec ts of  va r i ab le s i ze 
ident i f i ed to date . The seven independen t  var iables that emerge f r om the 
mapp ing ef forts , wh i ch are  input into the PRESTO model to determine 
pot ent i a l  hyd roca rbon vo lumes , are as fo l l ows : ( 1 ) pr oduc t i ve area ,  
expressed as acres ; ( 2 )  zone pay t h i c kness , expressed as feet ; ( 3 )  o i l 
shar e  or the propo r t ion of the zone pay th ickness cons i s t i ng of oi l ,  
exp ressed as a dec ima l  f ract ion ; ( 4 )  o i l  recovery factor for o i l  
reservo i rs , expressed a s  ba r r els  pe r ac re- foot ; ( 5 )  gas-o i l  rat io , 
exp ressed a s  cub i c  feet of natu r a l  gas per ba r re l  of o i l ;  ( 6 )  gas 
recovery factor for gas reservo i r s , expressed as thousands of cub i c  feet 
of nonassoc i ated gas pe r acre-foot ; and ( 7 )  condensate y i e ld rat io for 
liqu ids produced f rom ga s reservoi r s , expr essed as ba r rels  pe r mi l l i on 
cub ic feet of nonassoc i ated gas . These seven va lues can be en te r ed 
e i th e r  as s i ng le po ints or  as ranges descr ibed by pr obab i l i ty 
d ist r ibu t i ons . The seven values or ranges of  va lues are reco rded by the 
MMS eva luator on a Prospect Eva luat ion Form ( Table 4 . 1 ) . 

Th ree dry  r is k  va lues quant i fy the l i k e l ihood of no hyd roca rbon s 
be ing pr esent for ( 1 ) the zone w i t h i n  the pr ospec t ; ( 2 ) the pr ospect 
with in the area ; and ( 3 )  the area w i th i n  the bas in . The re a r e  vary ing 
deg r ees of geolog i c  inte rdependency between these thr ee level s  of 
ass igned r isk . With i n  PRESTO, the r i sk  factors for a level must be made 
cond i t iona l on the r is k  factors at h igher leve l s . I t  is the 
respons ibi l i ty of the eva luator to dec ide on the degree of dependence 
between the dry r is k  fac to rs at each level , w i th PRESTO r es t r ict ing the 
user to the ass umpt i on of i ndependence or pos i t i ve dependence . 

The eva luator must est imate the zone ge olog i c  r is k  for  each zone in 
each prospec t . Th i s  r i sk  factor r epresents the ove ra l l  probab i l i ty that 

Copyright © Nat ional Academy of Sciences. Al l  r ights reserved.

Offshore Hydrocarbon Resources Est imat ion:  The Minerals Management Service's Methodology
http: / /www.nap.edu/catalog.php?record_id=19216

http://www.nap.edu/catalog.php?record_id=19216


24 

Data 
Acquisition 

Regional 
Geologic Engineering 

Geologic 
and and 

Studies 
Geophysical Economic 
Analysis Studies 

Automated 
Mapping 

Prospect Development 
Basin Identification and 
Analogs and Production 

Evaluation Models 

, 

Presto 
Parameters 

FIGURE 4 . 1  MMS da ta gathe r ing and p r e l i m in a ry resou rce ana lys i s  sys tems . 

Sou rce : Ibrahim ( 19 8 5 ) .  
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2 5  

4 . 1  An Example o f  a Prospect Eva luation Form 

BAS IC IMPORJIATIOII 

Proapect Geol09 i8t ----- Geophyaicin ------
ror•at lon I A9• 1 
Weter Depth 

-,-....,-
--

Tot a l  Proapect AcreaiJ• Min ---- Mp Mall ____ _ 

TRAP DATA 

' P i l l  Up Ve r t ica l Cloau re Depth Volu .. Thictneaa 

Creat Point 
Mln P l l l  Up 
MP Pl l l Up 
Mall P l l l Up 
Spi l l  Point 

Located I n  

Tract 
Tract 
Tract 
Tract 

State Land 
OUtaide Sale 

Mln Acr••ll• Mp Acr••IJ• 

MIT PAl DATA 

ror .. t lon Th lctneaa ---------
' Sand 

Tota l poroua And avai lable -----
-=-

-
Met Pay Thlctneaa Mln lip ---- Mall ___ _ 

�109 ____________ __ 

RISIRVOIR DATA 

Mo .  lllplorat lon Wa l la 
Mo . De l i neat ion Wal l a  --
PVT Depth --- TeiiP _ 

Depth 
Depth ---

Preaau re 11radieftt __ _ 

Product loa occur renee t rroa 

Recovery lbl/AP ( Por ol l aonea ) 
Recovery Mcf/AP I Por 11•• aonea ) 
Gaa ol l Rat i o  ( Ult l .. te produc lniJ )  

To 

Y i eld Condenaate ( U l t l  .. te produc l ftiJ  lb l/MMCP 
Poroa lty ( AYIJ ) 
Water Saturat ion ( AYIJ ) 
Per.aabl l ity ( AYIJ ) 
Plu ld prope r t iea r 

Oi l ( APIO ) 
Gaa ( Sp 1J ravlty)  
Gaa ln aolut loa ( ICf/bbl ) 

Chancea or •ot t•  a lone 
•ot l and aaa• 
•aaa• a lone 

' Oi l  

RISK DATA 

Min 

' Gaa 

lona succeaa I S 1 1  • ---- lone Riat C R1 1  • ----

Depth 
Depth == 

RmMRIS t ---------------------------

source: I brah im ( 19 8 5 ) . 
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the zone in t he prospect under  cons iderat i on w i l l  be dry . Next , the 
eva luator must determine the probab i l i ty that the pr ospect wou ld not 
conta in hyd r oca rbons . I n  add i t i on to the zone and prospec t geo log i c  r i s k  
factors , a probab i l i ty that app l i es to the area as a who le i s  
cons i dered . Th is  a rea- r i s k  factor  r epresents the l i k e l ihood that no 
prospect as model ed wou ld conta in  hyd r ocarbons . Ma rg i n a l  pr obab i l i t ies 
o r  chances of ad equacy are ca lcu lated f r om these r i sk  factor s .  

4 . 4  PRESTO CALCULATIONS 

On each of PRESTO ' s Monte Car l o  t r ia l s , each pr ospect is • dr i l l ed • to 
determine whether i t  is s imu lated as •produc t i ve • by u s i ng a sampl ing 
techn ique that compar es a compute r -generated random numbe r to the 
cond i t ional r i sk  computed f r om the dry  r i sk factor s .  I f  the prospect is 
found to conta i n  hyd r ocar bons in that t r i a l , then o i l  and gas r esou rces 
are ca lcu lated . Oi l and gas r esources are calculated for  the 
hyd r ocarbon-bea r ing zones us ing volumet r ic equa t i ons that emp loy the 
prev i ous ly descr ibed seven phys i ca l prope r t i es of a zone w ith i n  a 
prospect . The vo lumes computed a r e  for oi l ,  nona ssoc i ated gas , 
condensate ( na tu r a l  gas l iqu i ds ) ,  and solut i on gas . I n  PRESTO, each o f  
t h e  seven phys i ca l  var iables ca n b e  r epr esented a s  a f i xed va lue ; or by 
one of seve r a l  d is t r ibut ions of va lues i nc lud ing u n i fo rm ,  rectangu lar , 
t r i angu lar , and logno rma l  d is t r ibut i ons . I n  PRESTO ' s  Mon te ca r l o 
computer s imu lat i on ,  one po i nt is r andomly se lected f r om the range o f  
va lues fo r each va r iable that t h e  MM S  eva luator h a s  spec i f i ed .  The 
randomly se lec ted va lues f r om w i th in the g i ven r anges are  used to compute 
one hyd r oca rbon vo lume . For a second t r i a l , new va lues a r e  randomly 
se lected f r om the g i ven r anges of  va lues , and another volume ' i s 
ca lcu lated . Bach Mon te Ca r l o  t r i a l  y i elds one vo lume and r epr esents one 
poss ible outcome . Numerous t r i a l s  are  r un u s i ng th is  process unt i l  the 
d i s t r ibut i on of volumes has been adequate ly cove r ed . 

Af ter cond i t i onal oi l and gas resou r ce est ima tes for a pr ospec t  ( o r 
zone ) have been made , PRESTO determines whether the pr ospect is  
comme rc i al ly v iable by compa r ing the volume of resources for each 
produc t i ve t r i a l  to an economi c  f i eld s i ze volume . To mak e  the 
compa r ison , tota l r esou r ces est imated for a prospect on a g i ven t r i a l  a r e  
conver ted to ba r r els of o i l  equ ivalent  ( BOB ) . Ana lyses o f  long-te rm 
p r i ce t r ends , and the costs of explor ing for , develop ing , produc ing , and 
t r anspo r t ing offsho r e  hyd r ocarbons are necessa ry to es t imate the min imum 
economic f i e ld s i ze .  Es t imates of min imum econom i c  f i e ld s i ze a r e  
der ived outs ide t h e  PRESTO model by a cash f low ana lys i s  progr am ,  wh ich 
ca lcu lates the amount of r esou rces needed to jus t i fy a dec i s i on to 
expl ore  and deve lop a f i e ld ,  cons ider ing spec i f i c  factors , such as water 
depth , d i stance f r om shor e ,  and depth to the produc ing hor i zon . The 
m i n i mum economic f i eld  s i z e  r ef lects the fac t that there are lower cos t 
a r eas , such as the sha l l ower waters  of the Gu l f  of Me x i co , whe r e  
relat ive ly sma l l  depos its would be econom i c , wh i l e on ly larger depos its 
wou ld be econom i c  at projected oil  pr i ce r anges in  the h i gh e r  cost a reas 
such as the Beau fort  Sea or the deep wat e r  At lant i c .  
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The PRESTO model then compar es a prospec t ' s  ca lcu lated cond i t iona l 
resou r ce pot ent i a l  to the min imum economic f ield s i z e .  I f  the amount 
ca l cu lated is  less than the min imum econom ic f i eld s i ze ,  the prospect is  
cons i de red noneconomic and the resour ces for the prospect are s et equa l 
to z er o .  I f  the amount i s  greate r than the min imum economic f i eld s i ze , 
the prospect i s  cons i dered product ive and the resou rces that wer e  
ca lcu lated a r e  stored . 

After res ou r ces have been est imated for the fi rst  pr ospect , these 
procedu res are repeated prospect -by-prospect unt i l  a l l  h ave been 
eva luated . The product ive resou r ces fo r a l l  prospects a r e  added 
together ,  y i e ld ing a s ing le  est imate of und i s cove red econom i ca l ly 
recoverab le r esou r ces for the bas in for  one t r ia l .  Then , PRESTO goes 
back to the f i rst  prospect ,  starts the process aga i n ,  and cont inues for  
the  numbe r of  t r i a l s  spec i f i ed by the eva luator . 

4 . 5  PRESTO OUTPUTS 

The most impor tant outpu ts produced by PRESTO for each p lann ing area are 
(1 ) the cond i t iona l 9 5  percent , 5 percent , and mean economi c resou r ce 
est imat es for  hydr oca rbons , ( 2 )  the mar g i n a l  probab i l i ty of economica l ly 
recoverable hyd rocarbons in  the area , and ( 3 )  the cor r espond ing r i sk ed 
means .  Th r ee cases f r om the cond i t i on a l  d i st r ibu t i on a r e  used for 
env i ronmental  impact a na lyses . A l ow case , w i th a 9 5  percent 
probab i l i ty of that amount or mor e  occu r r ing : a h igh case , with  a 5 
per cent probabi l ity of that amount or more occur r ing : and a mean or 
ave rage case . 

Mod i f i cat i ons to PRESTO a r e  be ing inco rpo rated in to two new computer 
progr ams , PRESTO II and Model 6 0 6 . These changes include the fol low i ng : 

1. A fou r th level of r is k , planning area ,  in add i t i on to the 
previous levels , zone , prospect , and bas in or subarea . 

2 .  Enhanced samp l i ng capab i l i ty .  

3 .  Capab i l i ty to execute on a microcomputer a s  wel l a s  on a 
ma in f r ame . 

4 .  The opt ion to impose dependen cy cor r elat i ons among data va r iables . 

5 .  I ncorporat i on of pos tulated pr ospects in a more systema t i c  
fash ion . 

6 .  Add i t i on of the r is ked d i s t r i bu t i on .  

7 .  Add i t i on of bas i n  and a rea level checks on econom i c  thresholds . 

8 .  Capab i l i ty to determine the d i s t r ibu t i on of r esources by 
prospect , suba rea , and a rea . 

Var ious computat iona l mod i f i cat ions are also planned . 
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4 . 6  SUMMARY 

The cu r rent methodol og i es wer e  developed to a l l ow MMS to r espond to the 
legal r equ i rements of ocs leas ing and deve lopment . Volume t r i c  techn iques 
used in the past d id not a l l ow cons i derat ion of the ef fect of add i t ion to 
or r emova l f r om spec i f ic a reas . The abi l i ty of the model  to d i saggregate 
into a r ea -spec i f i c  economi c  and env i r onmenta l impact assessmen ts is 
adequately met in this approach . The ana lys i s  of ind i v i dual pr ospect s  
a l s o  a l l ows est imates t o  b e  updated as add i t iona l informat ion i s  
gathered . The mode l a lso meets t he need for  f lex ib i l i ty in the 
est imat i on process , but fu r th e r  improvements are in orde r . The 
commit tee ' s  recommendat i ons , wh i ch fo l l ow ,  are made in f u l l  cogn i z ance of  
the  planned improvements . 
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Chapter 5 

CONCLUS IONS AND RECOMMENDAT IONS 

The committee cons iders the bas i c  thrust of the MMS assessment 
methodology to be appr opr iate but has some concerns about spec i f i c  
procedures and judgments . The PRESTO prospect-summat i on app r oach is  
systemat i c ,  documentabl e ,  and theoret ical ly sound . I t  i s  a ma r k ed 
imp rovement ove r  undocumentabl e ,  ma i n ly sub j ect ive , delph i -type methods . 
Unf o rtunate ly , the use of a good method does not guarantee good 
assessment r esults . The inescapab l e  unce r ta i nt i es force the use of 
judgment at every step , and any judgment can be m i s t aken . The ch i ef 
bene f i t  of a good method i s  that its  syst emat ic documentat i on a l lows 
others to j udge the judgments i nvolved . 

The comm ittee has the fo l l owing concl u s i ons and r ecommenda t i ons for 
improv ing MMS ' s  assessments . 

5 . 1  DISCUSSION 

Conclus i on : The cur rent .. thodology ia excess ively deta i led for aome 

aaaeaament a reaa , part icu l a r ly where few data are ava i lable . To be 

pract ica l and effective , the .. thodology maat dea l with thouaanda of 

proapecta in a ti .. ly and cona iatent manner . 

• The commi ttee r ecommends that MMS appr oach res ou rce assessment 
f rom the pe rspect i ve of the p lay , movi ng to the prospect level as 
necess ar y , to the zone leve l only rar ely , and to the ba s i n  leve l 
on ly by aggr ega t i on of the compon ent plays . 

The bas i c  assessment uni t shou ld  be the p lay , considered as a group 
of geo l og i ca l ly related prospec ts w i th s im i lar  hyd rocarbon sou r ces , 
res e r vo i rs , and t raps • .  MMS has approached assessment a lmos t ent i rely 
f r om the pe rspect i ve of a prospec t .  The assessment process shou ld be 
in i t i ated f r om the pe rspect ive of the play . De l im i t ing a play as a 
geo l og i ca l ly coheren t  group of prospec ts both area l ly and ver t i ca l ly i s  
essen t i a l  for the prope r app l i ca t i on o f  common elements o f  r is k . Lumping 
geo l og i ca l ly d i spa rate prospects des t r oys the ef f i cacy of the impor tant 
r is k ing step . The f i rst cons i derat i on in def in i ng p lays must therefo re 
be t he geology . The geo l og i c  play ent i ty can then be spl i t  into subplays  
along the  plann ing-a r ea boundar i es ,  water -depth contou r s , lease-sa le 

29 

Copyright © Nat ional Academy of Sciences. Al l  r ights reserved.

Offshore Hydrocarbon Resources Est imat ion:  The Minerals Management Service's Methodology
http: / /www.nap.edu/catalog.php?record_id=19216

http://www.nap.edu/catalog.php?record_id=19216


3 0  

l ines , o r  other d i v i s i ons r equ i red f o r  pract i ca l  pu rposes . Subp l ay 
assessments can later be recomb ined as necessary , w i th the pr ope r r is k  
interdependenc i es taken into account . Assessments o f  whole  plann ing 
a r eas or bas ins  shou ld be made by agg r egat i ng the component pr ospect 
and/or p l ay assessments .  

Whe r e  deta i l ed data are  ava i l ab le ,  pr ospec t assessmen t and summat ion 
may be appropr i a te . However , assess ing two or mo re zones per prospect 
shou ld be done spar ing ly . Common ly , the bu lk of a f i e ld ' s  r eserves occu r 
in the s ing le largest zone . I f  mu l t iple zones are  geolog i ca l ly c losely 
related and have the same r is k  factors , they shou ld be lumped for  
assessment purposes . Two st rat i graph i ca l ly separated zones hav i ng 
s ign i f i cant potent i a l s  and d is t i nctly d i f f e r ent r is k s  can be def ined as 
separate p l ays and assessed separ ate ly in  a group of prospects . 
Gene r a l ly ,  in v i ew of a l l  the unce r ta i nt i es , assessmen t by zones 
overworks the data and the problem .  

• The comm i ttee r ecommends that MMS develop mor e  fu l ly a 
g rouped-prospect play assessment methodology that is compa t ib l e  
w i th i ts cu r ren t  prospect summat ion approach . 

Of a l l  the assessment methodolog i es ava i l able ( Table 3 . 1 ) , on ly two 
a r e  essent i a l ly s u i ted to the needs and present capab i l i t i es of MMS , and 
each shou l d  be used where appropr iate : ( 1 ) prospect summat i on by play 
and ( 2 )  g rouped geolog i ca l  f i eld numbers  and s i zes by play . Al l oth e r  
methods are impract i ca l  or  unacceptable , e i ther because o f  exces s i ve data 
demand or  because the i r  res u l ts prov i de insu f f i c i ent deta i l  on r esource 
d is t r ibu t i on . The ideal method wou ld make prospec t summa t i ons and play 
assessments of groupe d  prospec ts ent i r ely compat ible  in both matu r e  and 
f ront i e r  explorat i on plays , wou ld a l l ow  ready pos t u la t i ons of pr ospects ,  
would  fac i l i tate updat ing and reassessment , wou ld a l l ow assessed 
potent i a l s  to be eas i ly sp l it or aggregated for var i ous subp l ay areas , 
and wou ld  prov ide a su i tab le bas i s  for ana lyses of economic , supply,  and 
env i ronmenta l issues . As examples , the prospect summat i on PRESTO program 
of MMS and the Inte r ior Depar tmen t ' s  RASP (!esou rce !Sses smen t !imulat i on 
for  fet roleum )  p l ay prog r am cou ld meet these goa l s . 

Prospect summat ion gives the most ve rsat i l e  deta i l  on assessed 
resour ce d is t r ibut ion , but can be an unnecessar i ly comp l i ca ted and 
t ime-consuming process whe r e  many prospects are involved . In  f r on t i e r  
a r ea s  whe re a l l  data are l imi ted , prospect s ummat i on depends o n  t h e  same 
assumpt i ons as g rouped-prospect pl ay assessments and pr ov ides the same 
types of resu l ts but does it the ha rd way , overwor k ing the problem .  I n  
intens ively d r i l led a r ea s , whe r e  many r ema in ing sma l l  bu t s i gn i f i cant 
prospects are not detec ted by se ismic  coverage , grouped-prospect play 
assessment can of ten be mor e  effect ively app l ied than pr ospec t summat ion . 

The play approach gener a l ly i s  the most pract i cable  for ma jor  
r eg i ona l assessmen t projects , and the unce r t a i n t i es in economic as we l l  
a s  geolog i c  prospect parameters or d i na r i ly can be ef fect ively treated by 
pr ospect groupings . On the othe r hand , assessment of ind i v idual 
prospec ts is the on ly reasonable too l  to use where spec i f ic locat ions are 
c r i t ica l or where  prospects do not fit  a r egu lar s i ze d i s t r ibu t i on ,  
pa r t i cu l a r ly where there are unusual ly l a r ge s i zes . 
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MMS should have the capab i l i ty of u s i ng e i ther app r oach , pr ospect 
summat i on or grouped-prospect p l ay assessment , as the needs and data 
dictate.  The two approaches have the same pr ospec t -spec i f i c  r oot s and 
can be made ful ly compat ible , so that it wou ld  be poss i b le to sw i tch f rom 
one to the other  on a p lay-by-play bas i s  within  the same mode l .  

Conc lus ion : The approach to r isk ing shou ld be revised . Methods for 

rea l istica l ly hand l i ng the e l ements of r i s k  are requ i red to provide va l i d  

est imates o f  resources and t o  sum up resou rce potent i a ls by a rea , bas i n ,  

o r  reg i on . 

• The commi ttee r ecommends that MMS approach r is k  eva luat i on f r om 
the perspect i ve of the marg i na l  and cond i t i ona l probab i l i t i es at  
the  play l eve l . 

Cons iderat ion of r is k  shou ld  f i rst  be focu sed at the play level on 
mar g i na l  and cond i t i ona l probab i l i t ies . The ma rg i na l  probab i l i ty or p l ay 
chance i s  the ge olog i c  ex i s tence chance for at least one future  
s ign i f i cant f ie ld in the  group of prospects . The play chance ref lects 
the dependent ge ol og i c  con t r ols that a f fect all pr ospec ts in the gr oup . 
The cond i t iona l probab i l i ty or success r a t i o  i s  the expected number of 
sign i f i cant f i elds d iv ided by the numbe r of pr ospec ts large enough to 
hold  such f ie lds , g i ven that the dependent geo log i c  controls  a r e  
favor able . The success rat io  ref lects t h e  independent geolog i c  controls 
that af fect on ly cer t a i n  ind i v idual prospec ts in the group . The average 
prospect chance for a p l ay wi th many pr ospects equa l s  the play chance 
t imes t he success rat i o .  

Determin ing the prospect chance level i n  t h i s  pe rspect ive has two 
impo r tant advantages . F i rst , i t  t i es the est imates to exper i ence and 
histor i ca l  data , insof ar  as  pos s i b l e . Second , i t  clear ly separ ates the 
group or play-spec i f i c  level s  of r i sk  from the ind i v i dual or 
prospect -spec i f i c  ones . Th is  d i st inct ion i s  cr it ical  in  aggr egat ing 
prospect assessments , in determin ing any geolog i c  interdependenc i es 
between p l ays that may af fect the i r  aggr egat ions , and in foreca s t i ng 
d i s cove r i es f r om explorat i on act i v i ty .  Of cou rse , known pr ospec ts in a 
play wi l l  have chances better or worse than the average , but the average 
can be used d i r ec t ly for postulated prospects . 

• The commi ttee r ecommends that MMS devel op a systemat ic ana lys i s  of 
the component geolog i c  dependencies to ar r i ve at probab i l i t i es for 
assessmen t agg r egat ions . 

Ma rgina l  probab i l i t i es for bas i ns  or compos ite a r eas shou ld not be 
ass igned d i rect ly but shou ld be devel oped by log i ca l  aggregat i ons of the 
component p lay assessments . Of c r i t ic a l  impor tance in  agg r egat i on is  the 
geolog i c  ana lys is  of the dependent versus independent ( ma r g i nal  versus 
cond i t iona l ) probab i l i t i es d i scussed above . The dependent factor s  mus t  
be r emoved f o r  the f i r st step o f  summat i on and then r e i mposed in  a second 
step . The same pr inciples apply to prospect summat i on .  
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Subpl ay assessments cou ld be made i n  e i ther o f  two ways o r  i n  
combinat i on .  In the f i rst way , the play i s  assessed as a se r ies of 
ind i vidua l subp l ays , the pr ospec ts be ing i n i t ia l ly d i v i ded into subg r oups 
whose a r ea l  boundar ies a r e  de l imi ted by factors such as the necessary 
lease-sa le l ines , or water -depth contou r s . In the second way , the play 
i s  assessed as a who le but an appropr iate fr act i on of the tota l poten t i a l  
i s  a s s i gned t o  each r equ i red subplay a rea . In e i ther way , the subplays 
or  subplay a r eas wou ld have to be sma l l  enough to pe rmit app l i cat i on of 
the same economic assumpt ions to a l l  prospects conta ined i n  that 
subplay.  As sessment r es u l ts for subplays cou ld then be reaggr egated as 
r equ i red . 

conc lus ion : MMS baa not adequate ly accounted for the l i ke l ihood of 

d i scover ies of serendipi tous hydroca rbon occu r rences . Sys temat i c  

inclusion o f  postu lated prospects and plays ref lects h i stor i ca l  

expe r i ence in s imilar geologic sett ings or elsewhe re and ma y  add 

s ign i f i cantly to est imates of the resou rce base . 

• The comm i t tee recommends that MMS develop a thorough ly sys temat i c  
process for r ea l i s t i ca l ly inc l ud ing poten t i a l s  f r om postulated 
prospects and pl ays in assessments . 

Unseen prospects should be accounted for in a lmost every play 
assessment , and a l lowances shou ld be made for whole plays that are not 
yet c l ea r ly conce i ved . Because explorat i on i s ts at any stage of the 
sea r ch for o i l and gas norma l ly cannot iden t i fy a l l  futu re prospects ,  
poten t i a l s  fo r unseen pr ospects in  a p l ay shou ld be postu lated . The 
d iscovery of new pl ays in o ld areas has demonstrated aga i n  and aga in that 
expl orat ion i sts a lso cannot gene r a l ly conce i ve all play pos s i b i l i t i es in 
ear ly,  or s omet imes even in  late , explora t i on s tages . It is prudent , 
then , to postulate some who l e  plays whe r e  there  cu r ren tly  may be on ly 
vague h ints . Such postu lat ions app ly pa r t i cu l a r ly to s t r a t i graph ic o r  
other  subt l e  t raps , a n d  they mak e  a l lowances fo r t h e  se r end ipi tous o r  
acc i dental d i scover i es that have typi f ied many explorat i on ventu res . 
Af ter car efu l ly rev i ewing some recently completed r eg i onal  assessments in 
wh i ch MMS has inser ted postulated pr ospects , i t  i s  t he comm i t tee ' s  
opin i on that MMS may have underest imated the reg i ons • r es ou r ce base 
because of conserva t i ve assumpt ions about the contr ibut i on of postulated 
prospects . Syst emat ic , appropr iate inclus i on of postu l ated prospects and 
plays shou ld be ver i f ied in the rev i ew process .  

conclus i on : The context in wh ich est imates have been made pub l i c  bas 

been insuf f i c ient ly complete in the past . Inclusion of on ly the 

atta inab le potent i a l  in MMS ' s  reports l imits undu ly the hor i zons of 
planners and dec i s ion makers using the data to the shor t-term ; inc lus i on 

of both the atta inable potent i a l  and the resource base may open up vistas 

for longer-term plann ing and more v i s i onary act i ons . 

Copyright © National Academy of Sciences. All rights reserved.

Offshore Hydrocarbon Resources Estimation:  The Minerals Management Service's Methodology
http://www.nap.edu/catalog.php?record_id=19216

http://www.nap.edu/catalog.php?record_id=19216


3 3  

• The comm i t tee recommends that MMS assess and r epo r t  both the 
und i scov e r ed r esou r ce base and the techno log i cal ly and 
economica lly atta i nable potent i a l . 

Both the und iscove r ed r esou r ce-base and the economi ca l ly and 
technolog i cally atta i nable potent i als should be repor ted . The 
und iscovered o i l  and gas resou r ce base shou ld be con s i de r ed as a l l  
potent i a lly recove rable volumes pos t u l a ted t o  e x i st , down t o  some 
spec i f i ed minimum f i eld-s i z e  limi t ( s ) . Of fshore , a l l  area s  unde r the 
ju r i sd i ct ion o r  potent i a l  jur isdict ion of the Un i ted Sta tes shou ld be 
assessed , rega r d l ess of present acces s ib i l i ty or economics . The 
est imates of the atta inable por t ion of the und iscove r ed resou rce base , 
deemed economical ly f i ndable , produc i b le , and ma r k etable , sh ou ld be 
der i ved f r om these assessments . The most impo rtant economic assumpt ions 
shou ld be documen ted . 

• The commi ttee r ecommends that MMS document c r i t i cal dete rminants 
of the assessment i n  an appropr i ate fash ion in publ i c ly re leased 
data . These dete rminants shou ld include the ranges of the min imum 
geolog i c  f i eld s i ze , the m i n imum economic f i eld s i ze , and , i f  
app ropr iate , the sma llest f i e ld s i ze of al l that is  included in 
the resou r ce base . 

Each subp lay and play assessment should have a spec i f i ed min imum 
geolog i c  f i eld s i ze ,  a min imum economic f i e ld s i ze , and , i f  necessa ry , a 
min i mum r esou r ce-base f i eld s i z e . The min imum geo l og i c  s i z e  i s  the 
sma l lest s i ze cons i dered as an observable f i e ld i n  the play assessment . 
It i s  of g r eat prac t i ca l  impo r tance in the assessmen t pr ocess as it  i s  
the cornerstone upon wh i ch geolog i c  r is k  i s  eva luated . In a p lay 
assessment only those prospects ( k nown or pos tu l ated ) should be coun ted 
that a r e  deemed large enough to hold the spec i f i ed min imum geolog i c  
s i ze . 

Se lec t i on of an app r opr iate min imum geolog i c  f i eld si ze a f f ects every 
ma jor  factor in a play assessment , includ ing the pr ospect count , the 
ass igned pa rameters determin ing the f i eld-s i z e  d i s t r ibu t i on , and the 
value of the play chance . It  is most conven i ent if the spec i f i ed m i n imum 
s i z e  is the same for assoc i ated plays in an a r ea ,  but pract ical 
cons i de rat i ons may d i ctate use of d i f fe rent minimums in d i f f e r ent a r eas . 

The minimum economic f i eld s i z e  for  a prospect or play is the 
sma llest s i ze deemed commerc ial ly v i able f r om es t imates of future pr i ce 
and cost t r ends spec i f i c  to the area . The at tai nable poten t i a l  is 
normally est ima ted by subt ract ing f r om the tota l assessment the 
potent i a l s  of f i elds sma l ler than the min imum economic s i z e  but larger 
than the min imum geolog i c  s i ze . The min imum economic  f i eld s i ze is  very 
impo r tant and can apprec iab ly in fluence the at ta inab le poten t i a l  
ca lculated . 

The min imum r esource-base f i eld s i z e  is the sma lles t s i z e  whose 
pot ent ial  i s  added to a play assessment . I f  i t  is  the same as the 
min i mum geolog i c  s i z e , no add i t i onal potent i a l  is assessed . If it is 
smalle r  than the min imum geolog i c  s i ze and has some pos s i b il i ty of 
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becoming at ta inab l e , i ts va lue shou l d  be spec i f i ed ,  and the poten t i a l  of 
a l l  the sma l l  f i e l ds shou ld be est imated and added to the assessed p lay 
potent i a l .  

• The commi ttee recommends tha t MMS r epo r t  cu r ren t  pa rameters for 
both the resou r ce base and t he atta inable potent i a l ; extend the 
repo r ted probab i l i ty ranges ; and document d r i v ing assumpt i ons that 
af fect resu l ts ,  includ ing imp l i ed f u ture  recovery ef f i c i enc i es , 
l im i ts to wa ter and d r i l l ing depths cons idered , and l a rgest 
expec ted f i e ld s i ze r epor ted by approp r iate a r ea . 

The MMS prac t i ce of r epo r t i ng con d i t iona l and r is ked assessments for 
pot ent i a l ly recove rab le ( not i n-p l ace ) o i l and gas is  endorsed . I t  seems 
des i rab le , howeve r ,  to expand the repo r ted range by g i v ing the 9 9  and 1 
( or even 9 9 . 8  and 0 . 2 )  percent i l e va lues rather t han the 9 5  and 5 for  the 
lows i de and h ighs ide assessmen ts . I n  a bu s i ness as unce r ta i n  as  
assessment , not h ing is to be ga i ned by r eport ing too res t r i c t ed a range . 

I t  i s  e x t r eme ly d i f f icu l t  to present comp lex assessment resu lts  in a 
s imple way . Unr i s ked a nd r i sked cumu lat i ve probab i l i ty cu r ves a re the 
most info rmat i ve g raph i c a l  por t r aya ls , but they are ha r d  to understand . 
The key po ints f r om the cu r ves that shou ld be r epo r t ed are  the unr i sked 
lows i de , unr i s ked mean , and un r i s ked h ighs ide , the marg i na l  probab i l i ty 
( chance of adequacy ) ,  a nd t he r i s k ed mean . These parameters a r e  
cur rent ly repo r ted b y  MMS for  economica l ly atta i nabl e o i l a n d  gas . They 
shou ld a l so be r epo r ted for the r esou rce base . The overa l l  oi l and gas 
r ecove ry ef f i c i enc i es imp l i ed for  the und iscove r ed r esou rces shou ld a lso 
be r epo rted . I n  both prospec t summat i on and p lay assessment ,  the 
magni tude of the pot ent i a l  i s  st r ong ly inf luenced by the s i z e  of the 
l a rgest f i e ld expec ted . Repo r t ing t h i s  va lue by appr op r i ate a r ea g i ves a 
key ins ight into an assessmen t . 

• Th e comm i ttee r ecommends that MMS exp l a i n  to t h e  greatest 
p rac t i cabl e  extent t h e  d i f fe r ences between cu r rent and previous 
assessments . 

Great ca r e  should  be taken to  exp la in fu l ly the causes of d i f f e r ences 
between a cu r rent assessment a nd prev i ous assessments , and the causes of  
d i f f e r ences between the resou rce base and atta i nab le poten t ia l .  
Confus i on ove r t he recent ly re leased MMS est imates for Alaska ' s of f sh or e  
r esour ces i l lust rates t h e  need for f u l l  exp lanat i on of such d i f f e r ences 
when pub l i shed . 

Conclusion: Adequate safeguards are lacking to ensure internal 

consistency and reasonableness across the regional offices of MMS . In 

practice, continued vigilance is required to minimize inconsistencies in 
assessments made by different groups. 
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• The commi ttee recommends that MMS estab l i sh a rev i ew pr ocess to 
prov ide overs igh t  and t o  s tanda r d i z e  dec i s ion-mak ing be tween 
r eg i ona l of f i ces . 

The r e  is a need for  check ing the cons i s tency of the assessmen t 
procedu r es used by the r espect ive reg i ona l of f i ces . Each a rea has i ts 
spec i a l prob lems , but the r e  shou ld be cons i s tency in  the hand l i ng of 
r i sk , largest f ie l d  s i ze , hyd roca rbon f i l l ,  and other key judgments . A 
sma l l  team of pe rhaps three sen i o r  people shou ld r e v i ew key input , 
judgments , and resu l ts . Some mor e  forma l  exchange of judgments and i deas 
among of f i ces wou l d  a ls o  be des i rab l e . 

• The comm i t tee recommends that MMS l i st the hyd roca rbon f i l l  
f rac t i on a l ong wi th the r es u l ts of a prospec t assessmen t and 
ensure approp r i ate internal  r ev i ew of th is  cr i t i cal parameter . 

The judgmenta l input of the f r a c t i on of a prospec t ' s  area o r  vol ume 
that is f i l led w i th hyd rocarbons has a s t r ong impact on the s i ze of the 
f i na l assessment . The est imated f i l l  f ract i on therefo r e  should be 
documented in the assessment resu l t s  and ca refu l ly checked du r ing the 
rev i ew process . MMS pr efe rs to use an area l  rat her  than a vo lumet r ic 
f i l l  f ract i on . Th is  is acceptabl e prov i ded that cons iderable ca re i s  
used in est imat ing t h e  related average n e t  pay th ickness , and that 
appr op r iate dependenc ies between product i ve a rea and net pay t h i ckness 
are  used . 

• The commi ttee r ecommends that MMS sys temat ica l ly compi l e  
h i stor i ca l  d a t a  f r om d i scovered plays to help in mak ing mor e  
r ea l i s t i c  assessment ana logi es .  

Geolog i c  ana l og i es ,  compar is ons of a prospec t or  p l ay be ing assessed 
w i th s im i l ar known produc t i ve s i tuat i ons , are impo r tant gu i des in mak ing 
rea l i s t i c  assessment judgments . MMS has compi led cons i derab le h i s tor ica l 
da ta on f i eld  par ameters usefu l at the prospect assessment leve l . To 
he lp imp l ement ef fect ive play ana lys i s , compa rat i ve da ta shou l d  a lso be 
comp i led for  p l ays , both domes t i c  and wor ldw i de .  Examp l es of such data 
are geo l og i c  cha r ac te r ist ics of sou rce ,  r eservo i r , and t r ap ;  f i e ld-s i ze 
dist r ibu t i ons ; prospect and f ie ld dens i t i es by s i ze c lasses ; and 
histor ica l success rat ios and p l ay chances . 

5 . 2  FUTURE DIRECTI ONS 

Prospect and p l ay assessment methods can be con t i nu a l ly impr oved to 
ref l ect the geo logy more  accu r a te ly .  U l t imately , quan t i ta t ive mode ls o f  
the processes o f  pe troleum generat ion , migrat ion , ent r apmen t ,  and 
preservat ion w i l l  rep lace some of ou r  cur rent shortcut emp i r i ca l  
appr oaches . Migrat ion of o i l  and gas out of the source rocks , thr ough a 
car r i e r  sys t em ,  and into ( and , un for tunately,  of ten out of ) poten t i a l  
traps is a key a r ea for  study . Much st i l l  rema ins t o  b e  l ea rned about 
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source- r ock characte r izat i on , reservo i r  devel opmen t and con t i nu i ty , t r ap 
l eakages , and many other factor s . 

Mo re adva nced comput e r  techn iques can a l s o  be brought to bea r on 
ass essment prob l ems . In pa r t i cu l a r , comprehens i ve i n terac t i ve approaches 
can help assessors est imate input factors  and systemat ical ly use 
compa rat i ve data f r om known hyd rocarbon occu r r ences . U l t imate ly , 
soph i s t i cated da ta-base management sys tems wi l l  a l s o  handle  and map the 
enormous volumes of in format ion such as data f r om s e i smi c records , we l l  
logs , and r ock samples . 

Dec i s i on mak ers  need to k now how r esou r ce assessmen ts t r ans late into 
potent i a l  supp l i es through t ime . The answer to this comp l e x  ques t i on 
depends on the s i z e ,  natu r e ,  and env i r onment of the resou rce ba se ; the 
rates of d i scovery , development , produc t i on ,  and t ranspo r t ; factors such 
as po l i t i cs , compe t i t ion , new techno l ogy , subs t i tut i on of one fuel  type 
for  another , fu tu r e  unconvent i ona l sou r ces , nat i ona l and wor ld supp ly and 
demand ; and , of cou rse , the a l l -pe rvad i ng economic cons i derat i ons of 
future costs , pr i ces , inf lat i on ,  prof i t s , and r i sks . Play or 
gr ouped-prospect assessmen ts are  the mos t  ef fec t i ve ,  ava i l ab l e  bases upon 
wh ich to bu i ld the necessary assumpt i ons for supply forecas t i ng .  
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APPEND IX A 

THE LETTER REQUESTING STUDY AND 
THE STATEMENT OF WORK 

United States Department of the Interior 
M I NERALS MANAGEMENT SER\'IC E 

R ESTO I' .  \'A .  2209 1 

y Refe r To : 
EMS-Ha i l  St op 643 

Or . Cha rl es J. Mank i n 
Cha i rman ,  Boa rd on Mi nera l 

& E n e rgy Resou rces 
Nat i on a l  Academy of Sci ence s 
21 01  Cons t i tut i on Ave nue , N . W. 
Was h i ngton , D . C .  2041 8 

Dea r  Charl e s : 

:c 1 4 -

Thank you fo r the op portun i ty to me et wi t h the Boa rd on Novembe r 7 ,  1 983 . As 
you rec a l l ,  at t h a t  meet i ng we out l i n ed a proj e ct concern i ng regi onal resource 
a s se s sment methodo l ogy i n  wh i c h  t he a s s i stance of t he Board wou l d be wel ca.e . 

The OCS Lands Act , Sect i on 606 ( d ) ( 2 ) , requi res t he Secretary of the Inter i or 
to ma i ntai n an upda ted est i ma te of undi scove red c ru de oi l and natural ga s 
resources i nc l udi n g  hypothet i ca l  and s pecu l at i ve resources of t he OC S .  An 
a s se s sme nt of t he potent i al q ua n t i t i es of undi scov e red economi cal l y  recover
ab l e  hydrocarbons is  fundamenta l  t o : 

o est ab l i s h i ng l ea s i ng /conservat i on po l i c i es ,  i nc l udi ng t he 5-Year OC S  
Leas i ng Schedul e , 

o assess i ng t he i mpact of pos s i b l e  fut ure energy supp l y  di sru pt i ons , 

o dete nni n i ng i f  suffi ci ent resources a re ava i l ab l e  to fuel the nat i on a l  
de fense effo rt . 

o determi n i ng i f  suff i c i ent suppl i es exi st fo r i ndustri es d i rect l y  
dependent o n  oi l and gas supp l i es . 

o acade.i c supply fo recast s .  

Prev i ou s l y , esti Mates of undi sc ove red recove rab l e  resou rces we re prov i ded by 
the U � S. Geol ogi cal Survey ' s  ( USGS ) Resource Ap prai s a l  Grou p .  Secreta ri a l  
Orde r No. 3071 , Alendment No . 1 ( May 1 0 . 1 982 )  transfe rred res pons i b i l i ty fo r 
al l offshore resource est i mates to the Mi nera l s Management Servi ce (MMS ) .  The 
prov i s i ons of the Orde r a re i mpl eMented i n  a Memo randum of Understandi ng wh i ch 
f urther de l i neates the va ri ous res pons i bi l i t i es o f  MMS and USGS. 

S i nce these reg i onal resou rce asse s sments are a new funct i on fo r MMS . a 
met hodol ogy for asses s i n g  the undi scovered recoverab l e  resources t hat empl oys 
geol og i cal , geophys i c al . eng i nee r i ng . a nd  economi c  data •ust be deve l oped . 
We have curren t l y  i n i t i ated studi es to ana l y ze the o i l and gas resourc e 
assessment me tho do 1 ogi es that have been used by i ndustry , other Gove rn.ent 
agenci es , and other count r i es .  We request that the Boa rd prov i de assi stance 
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Dr . Cha rl es D.  Mank i n 2 

t n  t dentt fyi n g a nd devel opi ng a new met hodol ogy for the assessment of undi s 
cove red economi c al l y  recoverab l e  oi l and ga s  resou rces . Our goal i s  to 
devel op a fl exi b l e met hodo l ogy that wi l l  i nco rporate i nputs from appropri a t e  
di sc i p l i nes ( i . e • •  geol ogy . ge op �s i cs .  petrol eum eng i nee r i ng .  economi cs . 
stat i s t i cs ) and data sources and yet al l ow fo r regi ona l  di fferences i n  t e rms 
of geol og i c  sett i ng .  s tatus of exp l o rat i on and l ea s i ng , a nd status of reg i onal 
and pros pect-speci f i c  asses smen t s .  

W e  l ook fo rwa rd t o  wo rk i ng wi th t h e  Boa rd o n  t h i s chal l engi ng proj ect .  
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COMMI TTEE ON OFFSHORE HYDROCARBON RESOURCE 
ESTIMATION METHODOLOGY 

Statement of Wor k  

The ocs Land Act , Sec t i on 6 0 6 ( d ) ( 2 ) , requ i res the Sec ret a ry o f  the 
Inte r i o r  to ma i nta i n  an updated es t imate of und i scover ed crude oi l and 
natu ra l gas resou r ces , inc l ud ing hypothet ica l and spec u lat ive resou rces 
of the ocs . To ass ist the M i ne r a l s  Management Serv ice ( MMS ) in meet ing 
th i s  r espons i b i l i t y ,  a Comm i tt ee under the BMER w i l l  conduct a study to : 

A .  Ident ify the needs for pet ro leum and natu ra l gas resou rce 
informat ion . 

B .  Eva luate the advantages and limitat i ons of ex i s t ing resource 
est ima t i on methodo log i es to address ef fect i ve ly each of the ident i f ied 
needs . 

c. Assess the adequacy of informat ion ava i lable to apply prope r ly 
each of the ex i st ing resou rce est imat i on methodo log i es ,  and 

D .  Recommend , whe r e  possible , new approaches in  add r ess i ng the needs 
for pet ro leum and natu ra l gas resou rce informat ion . 
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APPENDIX B 

GLOSSARY 

Def i n i t i ons of the fo l l owing terms ref lect the i r  spec i a l i zed meanings for  
oi l and gas assessment pu rposes . 

ADEQUACY - See CHANCE .  

ANALOGY , ASSESSMENT - Geo log i c  simi la r i ty between a known f i e ld or 
p roduct ive play or featu r e  and the prospect or  play or featu re be ing 
eva luated . The referenced featu r es are informa l ly ca l l ed • look -a l i kes . •  

ANTICLINE - See FOLD . 

ARI THMETI C  MEAN - See MEAN . 

ASSESSMENT - The est imat ion of poten t i a l  amounts of hyd r oca rbons . The 
focus norma l ly is on und i s covered resour ces . 

ASSESSMENT CURVE - Exceedance chance ( ve r t i ca l  sca le ) plot ted aga inst 
pot ent ial  hyd roca rbon amounts ( ho r i zonta l sca l e ) .  The cu rve h e i ght 
at any amount is the e x i s tence chance for that amount or more . 
Assessors prefer  t he • g reater  tha n •  ove r the stat i s t i c ian ' s  • les ser 
than•  cu r ve . 

UNRI SKED ASSESSMENT CURVE - One that is  cond i t iona l on the assumpt ion 
that at least a mi n imum hyd roca rbon amount ex i sts : i . e . , the adequacy 
chance is  1 . 0 .  

RISKED ASSESSMENT CURVE - The t rans format ion of an unr isked cu rve , 
ac comp l i shed by mu lt ip ly ing i ts cond i t i ona l exceedance chances by the 
marg i na l  adequacy chance . 

DERI SKED ASSESSMENT CURVE - The t rans format ion of a r isked curve , 
produced in  assessment agg r ega t i on ,  to an •unr i s ked • curve , 
accomp l i shed by d i v i d i ng the r i s ked exceedance chances by the 
adequacy chance . 

ASSOCIATED-D I SSOLVED GAS - See GAS . 

4 3  
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ATTAI NABLE POTENTIAL - See RESOURCE . 

AVERAGE - See MEAN . 

BASIN , SEDIMENTARY - An a r ea in wh ich th ick sed imentary r ocks a r e  
preserved ( s ed iment thicknesses typ i ca l ly are 1 km or more ) .  

B IODEGRADAT ION - See CONTROLS ( PRESERVATI ON ) .  

BOE - See OIL-EQUIVALENT BARRELS . 

CARR I ER BED - See CONTROLS ( M I GRATION ) . 

CEMENTATION - The plugg ing of a rock ' s  pore spaces w i t h  minera ls . 

CHANCE - Synonymous w i th PROBAB ILITY .  

ADEQUACY CHANCE - Probab i l ity  that a t  least a spec i f ied s i gn i f i cant 
min imum amount ex ists . Also ca l led CHANCE OF SUCCESS , EXISTENCE 
CHANCE ,  MARGI NAL PROBAB I LITY . Adequacy is one minus r isk . 

PROSPECT CHANCE - Probab i l i ty that the pr ospect conta ins a f ield o f  
at l east a spec i f i ed s i gn i f i cant min imum s i z e .  A l s o  ca l l ed PROSPECT 
MARGINAL PROBAB I LI TY .  The average pr ospect chance i n  a play equa l s  
t h e  play cha nce t imes t h e  success rat i o .  

PLAY CHANCE - Probabi l i ty that the play cont a i ns a t  least one f i e l d  
o f  a t  l east a spec i f i ed s ign i f icant min imum s i ze .  Also ca l l ed PLAY 
MARGINAL PROBAB I LI TY .  I n  h i stor ical perspect ive , p lay chance i s  the 
numbe r of product ive p l ays ( each hav ing at least one s i gn i f i cant 
f i e ld ) d i v i ded by the tota l number of s imi lar  plays tested , both 
product ive and nonproduct ive . 

CHARGE , HYDROCARBON - The amount of mig r ated oi l and/or gas ava i l ab l e  to 
a t rap . 

CLOSURE AREA - The area of a t r ap that could ho ld oi l or gas . 

CLOSURE HEIGHT - The vert i ca l  d istance between a trap ' s  h i ghest po int  
and the l owest leve l that cou ld hol d  oi l or  gas . 

COMB INATION TRAP - See CONTROLS ( TRAP ) . 

COMMERCIAL FIELD - See FIELD .  

CONDENSATE - See NATURAL GAS LIQU I DS . 

CONDITIONAL PROBAB I LITY - See PROBAB I LITY .  

CONTI NGENT RESOURCES - See RESOURCE . 
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CONTROLS , GEOLOG IC - The essent i a l  factors cont r o l l ing s ign i f i cant o i l 
and ga s occu r rence . Al l mus t  occur adequate ly ,  coeva l ly and 
cont iguous ly , or e l se the chances for a f i e ld are e l iminated . Hence , 
they a r e  a l so the key RISK FACTORS to be eva luated in assessmen t : 

SOURCE ROCK - A sed imentary rock ( common ly sha le or l imestone ) whose 
organic mat ter  ha s been transfo rmed natu r a l ly by heat thr ough t ime 
and bu r ia l  into oi l and/or gas . Th is  t rans forma t i on is  ca l led 
GENERATION or MATURATION .  The organic  mat ter must be adequate in 
amount ( concent rat i on ,  area l  extent , thi ckness ) ,  type ( qua l i ty ) , and 
maturat ion . 

RESERVOIR ROCK - A r ock un i t  conta i n i ng or potent i a l ly conta in ing 
recoverab le oil or ga s in i ts sma l l open spaces . ( POROS ITY is the 
pe rcentage of sma l l  open spaces in a rock ' s  bu l k  volume ; 
PERMEABLILITY is the capac ity of a porous r ock to tr ansmit  f l u i ds . ) 
The reservo i r  rock  must be adequate in th icknes s ,  po ros i ty ,  and 
pe rmeab i l i t y .  R i sks  a re that the reservo i r  un i t  is  miss ing by fac i es 
change , unconformi ty tr unca t ion , or fau l t i ng ,  or that the po ros i ty 
has been cemented or not developed by necessa ry solut ion or 
f rac tur ing . 

MIGRATION - The movement of o i l  and ga s thr ough open ings in rock . 
PRI MARY MIGRATION is  movement w i t h in the sou rce rock to i ts 
bounda r y . SECONDARY MIGRATION is  movement f r om the sou rce-rock 
boundary to the t rap , through permeable rocks ( CARRI ER BEDS ) or 
fau l ts or f rac tu r es . For migrat ion to be effec t i ve , pe rmeab le paths 
mu st be adequate and the t rap must be present when the oi l and gas 
mig rate ( TIMING ) . 

TRAP - A ba r r ier  to mig rat i on that a l l ows o i l  and gas to accumulate 
in  a reservoi r .  The bar r i ers common ly are imperv ious rock ( SEALS ) 
above , be low ,  and/or late ra l to the reser vo i r  roc k . STRUCTURAL TRAPS 
resu l t  f r om fold ing ,  fau l t ing , or other rock deforma t i on .  The most 
common t rap is an ant i cl ine or faulted ant i c l ine . STRATI GRAPH I C  
TRAPS resu l t  f r om l i tholog i c  ( facies ) changes somet imes ca l led 
POROS I TY-PERMEAB I LITY PI NCHOUTS . A t rap w i th both s t r uctu ral  and 
st rat ig raph i c  aspec ts is  ca l led a COMBINATION TRAP . A trap must have 
adequate s i ze and sea l s .  

PRESERVATION - Once i n  the trap ,  protec t i on o f  hyd roca rbons f r om 
f lush ing , over cook ing , or  b i odegradat i on . FLUSH I NG is  water 
wash ing . OVERCOOK ING i s  overmaturat ion to less des i r ab l e  pr oducts . 
BI ODEGRADATION is decompos i t ion by m i c r o-organ isms . 

RECOVERABI LI TY - The ab i l i ty to br ing underground o i l  and gas to the 
sur face . Factors that must be adequate are the permeab i l ity of the 
reservo i r , l ow VISCOS I TY ( r es i s tance to f l ow )  of  oi l ,  and r eservoi r 
DRIVE ( the mot ive force r equ i red to produce hydroca r bons ) .  
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CONVENTIONAL HYDROCARBONS - Oi l a nd gas recoverab le f r om we l ls us ing 
standa r d  techn iques . 

CRUDE OIL - See OI L .  

CUMULATIVE PROBABI LITY CURVE - See ASSESSMENT CURVE , DISTRIBUTION .  

DELI NEATION WELL - See WELL . 

DELPH I METHOD - A method that ut i l i zes the ave raging of sever a l  expe rt 
opi n i ons of the probab i l ity d i s t r ibut i ons of und iscovered resou r ces . 

DENS I TY ,  PROSPECT OR FI ELD - The numbe r of pr ospects or f i elds pe r un i t  
a rea . 

DEPENDENT RI SK - See RISK . 

DEPENDENT VARIABLE - One inf luenced by changes in another var iab l e . 

DERI SKED ASSESSMENT CURVE - See ASSESSMENT CURVE . 

DEVELOPMENT WELL - See WELL . 

DISCOUNT - Reduct i on of an  amount . 

DISCOVERED RESERVES - See RESERVES . 

DISCOVERED RESOURCES - See RESOURCE . 

DISCOVERY RATE - The rate of hydr ocarbon d i s cove ry expr es sed as ba r r e l s  
per yea r , f ie l ds per year , ba r rels  per foot of dr i l l ing , or t h e  l i ke . 

DISSOLVED-ASSOCIATED GAS - See GAS . 

DISTRIBUTION ,  PROBABILITY - A mathemat i ca l  descr ipt ion of the va r ia t i on 
in the relat ive l i k e l i hood of occur rence of pos s i b l e  va lues of a var i ab l e . 

FREQUENCY DISTRIBUTION - The count of the numbe r of observat ions in a 
sample fa l l ing w i th in each of a set of inter va l s  spann ing the range 
of poss ible  va lues of the va r iabl e .  

CUMULATIVE FREQUENCY ( PROBAB I LITY ) DISTRIBUTION - One in  wh i ch the 
f r equ ency counts of each interval a r e  tota led for  success ive 
interva ls ,  so that the last interva l  has the tota l count of the 
d i st r ibut i on . The ASSESSMENT CURVE is  an example . 

NORMAL DISTRIBUTION - An a r i thmet i ca l ly symmet r i ca l  •bel l -shaped • 
d i s t ribu t i on tha t ha s no absolute l imits . The mean equa l s  both the 
med ian and mode . 
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LOGNORMAL DISTRIBUTION - A symme t r ica l •bel l -shaped • d i s t r ibu t i on on 
a log sca le w i th no absolute l imits . Plot ted on an a r i thmet ic sca l e  
i t  i s  asymmet r ica l , o r  skewed , w i th a long • ta i l •  towa rd the h igher 
va lues . The med ian va lue is  a l so the geome t r ic mean . The a r i thmet i c  
mean is  greater than the med ian , and the median is greater that the 
mode . 

HISTOGRAM - A ba r graph in wh ich bar wi dths represent class 
interva l s , a nd bar heights are propo r t i ona l to class f r equenc i es . 

EQUAL PROBAB ILITY DISTRIBUTION - Seve r a l  discrete va lues hav ing 
ident i ca l  probab i l i t i es .  

RECTANGULAR DISTRIBUTION - One in wh i ch al l va lues be tween the 
min imum and ma x imum have equa l l ik e l ihood of occu r r ence . 

TRIANGULAR DISTRIBUTION - Represented by a mos t  l i kely va lue of 
greatest probabi l ity that l i es between des i gna ted min imum and max imum 
va lues . Probab i l ity increases l inea r ly f r om min imum to mos t  l i k e ly ,  
and dec reases l inear ly f r om most l i kely t o  ma x imum . I n  a SYMMETRICAL 
TRIANGULAR DISTRIBUTION the mos t l i k e ly va lue is  a r ithmet ica l ly 
centered between min imum and max imum and equals  both the med ian and 
the ar ithmet ic mean . 

LOG-TRIANGULAR DISTRIBUTION - A t r iangu lar  d i s t r ibu t i on based on the 
l oga r i thmic  sca l e  of the va r iabl e .  Th is d i s t r ibut ion has more 
probab i l i ty assoc iated w i th the interva l on the lower s i de of the 
most l ike ly than does the TR I ANGULAR DI STRIBUTION . I n  a SYMMETRICAL 
LOG-TRIANGULAR DISTRIBUTION the rat io  of the most l i ke ly va lue to the 
min imum is the same as the rat i o  of the max imum to the most l i k e ly .  
such a dist r ibut i on i s  symme t r ica l  on the log sca le but asymmet r ica l 
w i th a l ong • ta i l •  towa rd h i gher  va lues when plot ted on the 
ar i thmet ic sca le .  The ar ithmet ic mean exceeds the med i a n ,  wh ich 
exceeds the mode . 

DRIVE - See CONTROLS ( RECOVERAB I LITY ) . 

DRY - Ba r r en of hyd roca rbons : nonproduct i ve . See RISK . 

DRY GAS - See GAS . 

ECONOMETRICS - The appl icat ion of  stat i s t i ca l  da ta to the study of 
economic da ta a nd problems . 

ECONOM I C  FI ELD - See FIELD .  

ECONOMI C  RISK - See R I SK .  

ENVIRONMENTAL IMPACT STATEMENT - A repo r t  r equ i r ed by law on the effect 
on t he human env i r onment of any ma j o r  act i on proposed by the feder a l  
gove rnment .  
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EQUAL PROBAB ILITY DISTRIBUTION - See DISTRIBUTION . 

ESTI MATED ULTIMATE RESERVES ( BUR ) - See RESERVES . 

EXCEEDANCE PROBAB ILITY - The chance that pot en t i a l s  are equal to o r  
g r eater than a gi ven va lue . 

EX ISTENCE CHANCE - See CHANCE . 

EXI STENCE RISK - See RISK . 

EXTENS IONS - See RESERVES . 

FACI ES - D i st inct i ve ,  coeva l ,  ad jacent r ock un its . 

FACI ES CHANGE - A change i n  l i thology ( d ist inc t i veness ) :  e . g . , a 
reservo i r  sands tone un i t  changes late ra l ly to sha l e .  

FAULT - A break i n  the earth ' s  crust across wh ich one s ide has moved 
relat ive to the othe r . 

FAULT LEAK POINT - See F I LL FRACTION . 

FIELD - A s ingle pool ,  or  mu lt iple poo l s  in  one loca t i on .  

FI ELD ( ECONOMIC ) - One that i s  prof i table t o  develop and produce : 
synonymous wi th COMMERCIAL FIELD .  

FI ELD DENS I TY - See DENS ITY . 

FIELD S I Z E  - The es t imated u l t imate recoverab le reserves of  o i l  and/o r 
gas in a f i e l d .  See a lso MINIMUM and MAXIMUM . 

FIELD-S I Z E  DISTRIBUTION - Var iat i on in probab i l i ty assoc iated with 
the occu r r ence of poss ible  f i e ld s i zes . A pr ospect assessment curve , 
for example , is a s i z e  d i s t r ibu t i on of poten t i a l  f i elds . Fi e ld s i z es 
are conven i en t ly represented as t r uncated lognorma l  d is t r ibut ions . 

FIELD-S I Z E  PARAMETERS - Factors determin i ng a f i e ld-s i ze 
d istr ibu t i on .  A prospect ' s  s i ze d istr ibut i on can b e  determ ined , for  
example , f r om produc t i ve a r ea ,  net  pay th icknes s ,  and r ecovery 
factors . 

S I GNIFI CANT FI ELD - One equa l  to or larger than some min imum s i z e  
that is  mean ingful f o r  t h e  a r ea ,  the ava i lable h istor i cal  data , and 
the assessment methodo logy used . LARGEST EXPECTED FIELD S I Z E  - A 
f ield s i ze  at  some spec i f ied exceedance probab i l i ty ( e . g . , 5 pe rcent ) 
near the max imum of the f i eld-s i z e  d is t r ibu t i on ,  or  one equ i va l ent to 
t he mean s i ze of the largest prospect . 
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P I LL FRACTION OR PERCENT - The f ract i on of tota l ava i lable t rap vo lume 
( or t r ap a r ea ) that is occupi ed ( or pos tu lated to be occupi ed ) by 
i n-p lace hyd roca rbons . Def i n i t i ons of trap volume may va ry accord i ng to 
the chosen spi l l  or l eak po int : 

SYNCLINAL SPI LL POINT - A dip  reversa l on the res e r vo i r  that def i nes 
the largest appa rent trap .  · 

FAULT LEAK POINT - A pe rmeab l e  fau l t  plane that could  d r a i n  the 
cont iguous pa rt  of the reservoi r .  

RESERVOIR LEAK POINT - Leakage across a fault  whe r e  the r eservo i r  
contacts a permeabl e forma t i on . 

FIND I NG RISK - See RISK . 

FLUSH I NG - See CONTROLS ( PRESERVATION ) .  

FOLD - A bend ing of rock layers . 

ANTICLINE - An upfold ( convex upwar d ) .  

SYNCLINE - A down fold ( concave upwa r d ) . 

FORMATION - A mappable sed imentary rock uni t of d ist inct i ve l i thology . 

FORMATION VOLUME FACTOR - Por oi l ,  the ba r re l s  of f lu i d  in the r eservo i r  
requ i red t o  produce one bar re l  o f  stock -tank o i l at the s u r face , i . e . , 
reservo i r  bbl/stock -tank bbl . The OIL  SHRI NKAGE FACTOR is  the 
rec iproca l , i . e . , stock -tank bbl/reservo i r  bbl . ( The decrease in volume 
is due ma i n ly to remova l of d issolved gas du r ing oi l pr oduct ion . )  The 
GAS FORMATION VOLUME FACTOR equa l s  r eservo i r  bb l/thousand s tanda rd cub i c  
feet . In  assessment , its rec iproca l i s  used i n  ca lcu l at ing su rface gas 
vol umes f r om reservo i r  volumes . 

FRACTURE - Any br eak in a r ock . 

FREQUENCY - The numbe r of t imes a spec i f i ed event occu rs with in a 
spec i f ied interva l .  The percen tage f r equency of an event relat i ve to the 
ent i r e  d i s t r ibu t i on is  i ts probab i l i ty of occur rence . 

FREQUENCY DISTRIBUTION - See DISTRIBUTION . 

FRONTI ER AREA - One in wh i ch there has been l i t t l e  or no expl orat i on 
dr i l l ing . 

GAS , NATURAL - A m i x tu r e  of gaseous hyd rocar bons ( typi ca l ly methane with 
lesser amounts of ethane , pr opa ne , butanes , pentanes , and pos s i b ly some 
nonhydr oca rbon gases ) .  
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ASSOCIATED-DI SSOLVED GAS - Gas in contact w i th crude oi l e i ther as a 
free ga s cap or in  solut ion w i th the o i l . 

NONASSOCIATED GAS - Free gas not in contact w i t h  cr ude oi l in the 
reservo i r . 

DRY GAS - Gas cons ist i ng a lmos t ent i r e ly of methane . 

GAS/OIL RATIO - Cub i c  feet of d isso lved gas per bar r e l  of o i l  ( SOLUTION 
GAS/OI L RATIO ) .  Mor e  l oosely , the rat i o  to o i l  of tota l 
assoc ia ted-d isso lved gas in  a zone or pr ospect , or of the tota l 
assoc i ated-d i s so lved plus nonassoc i ated gas in a prospect ,  play , o r  other 
ent i ty ( TOTAL GAS/O I L  RATIO ) .  

GENERATION - Synonymous w i th MATURATION . See CONTROLS ( SOURCE ) .  

GEOLOGIC CONTROLS - See CONTROLS . 

GEOLOGIC RISK FACTORS - See CONTROLS . 

GEOMETRIC MEAN - See MEAN . 

GEOM ETRY CORRECTION - The reduct i on of c r esta l rese rvo i r th ickness 
( th ickest potent ial  hyd roca rbon col umn ) i n  an  ant i c l i ne or other trap to 
an average va lue r epresent ing the ent i r e  trap area . Th is cor rect i on 
accounts for th inn ing of a hyd rocarbon col umn at the trap edges . 

GROUP RISK - See RISK . 

B I GHS I DE POTENTIAL - See MAXIMUM . 

H I STOGRAM - See DISTRIBUTION . 

HYDROCARBONS - Compounds composed of hyd rogen and ca rbon . In  gene r a l  
assessment usage , t h e  term includes o i l ,  gas , and natural g a s  l iqu i ds . 

INDEPENDENT RISK - See RISK . 

I NDEPENDENT VARIABLE - One not i n f luenced by changes in another var iab l e . 

I NDIVI DUAL RISK - See RISK . 

I N  PLACE - Al l o i l  and ga s or ig i na l ly in  a reservo i r ,  inc l ud ing both 
recoverable  and nonrecove rabl e vol umes . The NONRECOVERABLE volumes a r e  
left in t h e  gr ound after t h e  f i eld is abandoned . 

I SOPACH - A l ine drawn on a map thr ough po ints of equal th i ckness of a 
geo l og i c  u n i t .  

LARGEST EXPECTED FI ELD S I Z E  - See FI ELD S I Z E .  
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LEAK POI NTS - See P I LL FRACTION . 

LEASE - A cont rac t author iz ing oi l and gas exp l orat i on ,  developmen t ,  and 
p r oduc t i on in  a g i ven a rea for a spec i f ied t ime : a l so , the area or t ract 
cove red by such a contract . 

LEASE SALE - A compe t i t ive auct ion for leases by sea led b i d . 

LOG MEAN - See MEAN . 

LOGNORMAL D ISTRIBUTION - See DISTRIBUTION . 

LOG-TRI ANGULAR DISTRIBUTION - See D I STRIBUTION . 

LOWSI DE POTENTIAL - See MINIMUM . 

MARGI NAL PROBAB ILITY - See PROBAB ILITY .  

MATURATION - See CONTROLS ( SOURCE ) .  

MATURE AREA - One in wh ich the re h•s been extens ive explorat i on dr i l l in g .  

MAX IMUM - The largest va lue of a d is t r ibut ion . 

MAXI MUM or H IGHS IDE or  UPS I DE POTENTIAL - For an asses sment cu r ve ,  
th is  i s  the lar gest va lue shown a t  some spec i f ied exceedance chance 
( e . g . , o . o s ,  0 . 0 1 ,  0 . 0 0 2 ) . 

MAXIMUM GEOLOGIC FIELD S I Z E  - The max i mum of a prospect asses sment 
cur ve , o r  the largest s i ze  included in or resu l t ing f r om the 
f i eld-s i z e  pa ramete rs used to deve l op the play asses sment cu r ve . 

MEAN - The a r i thmet i c  average , wh i ch is  the sum of a set of sample va lues 
d i v i ded by the numbe r of va lues in the se t .  

GEOMETRIC MEAN - The �th r oot of the product of � va lues . 

LOG MEAN - The ar i thmet ic mean of the l ogar i thms of sample va lues . 
I ts ant i l og is  equ ival ent to the geome t r i c  mean . 

MEDIAN - The midd l e  va lue of a d i s t r ibut i on :  the med ian is  the po int with  
0 . 5  probab i l i ty of be ing exceeded . 

M IGRATION - See CONTROLS . 

M I NIMUM - The sma l l est va lue of a d istr ibu t i on . 

MINIMUM or LOWS I DE POTENTIAL - For an assessment cu r ve ,  th is is  the 
sma l lest va lue shown at some spec i f ied exceedance chance ( e . g . , 0 . 9 5 ,  
0 . 9 9 ,  0 . 9 9 8 ) .  
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MINIMUM GEOLOGIC FIELD S I Z E  - The min imum o f  a pr ospect asses smen t 
cur ve ,  or the sma l lest s i ze included in or resu l t ing f r om the 
f i el d-s i z e  pa rameters used to devel op the play assessmen t cu r ve .  

MINIMUM ECONOM IC F I ELD S I Z E  - The sma l lest s i ze  needed t o  assu r e  
prof i tab l e  produc t i on .  

MINIMUM RESOURCE-BASE FIELD S I Z E  - The sma l l es t  s i ze whose potent i a l  
i s  included in  the r esour ce base . 

MODE - The most f requ ent ly occu r r ing va lue ( or inter va l ) in  a f r equency 
d i s t r ibu t i on .  Synonymous w i th MOST LIKELY .  

MONTE CARLO - A procedu r e  to s imulate probab i l i ty d i s t r ibut i ons by 
runn ing many t r i a l s  to obta in a range of poss ible answers ref lect ing 
d i f f e r ent combinat ions of values se lected at random from with in spec i f i ed 
ranges of input par ameters . 

MOS T LIKELY - I n  a probab i l i ty d i s t r ibut i on of a var iab l e , the va lue 
assoc iated w i th the h i ghest pr obab i l ity . Synonymous w i th MODE . 

NATURAL GAS - See GAS . 

NATURAL GAS LIQU IDS ( NGL ) - Genera l ly propane and heav i er hydr ocar bons 
that are sepa rated f r om natu r a l  gas as l iqu i ds in f i e l d  separators or i n  
process ing plants . Al so common ly refer red t o  a s  CONDENSATE . NGL y i e lds 
are r epo r ted as bbl/mi l l i on cu ft of gas . 

NET/GROSS RATIO - The thicknes s of  ef fect ive reservo i r  ( hav ing adequate 
poros i ty and permeabi l i ty )  d i v i ded by the thi ckness of the gross 
r eservo i r  format ion . The non-net por t i on typ i ca l ly cons ists of 
interbedded sha les , s i l tstones , l ow permeab i l ity l imestones , etc . 

NET PAY TH ICKNESS - The thicknes s of a res e r vo i r  conta i n ing pr oduci b l e  
o i l  or gas , or t h e  postulated such thi ckness f o r  a prospect . In  
assessments this  shou ld be  an ave rage th ickness for  the  poten t i a l ly 
product i ve a rea ( see GEOMETRY CORRECTION ) .  

NONASSOCIATED GAS - See GAS . 

NONRECOVERABLE HYDROCARBON - See I N  PLACE . 

NORMAL DISTRIBUTION - See DISTRIBUTION . 

OIL - A mi x ture of l iqu i d  hydroca r bons . 

OI L-EQUIVALENT BARRELS ( OEB or BOE ) - Amounts of gas expr es sed as the 
energy-equ ival ent of o i l , gene ra l ly a t  5600 to 6 0 0 0  cub i c  feet per 
bar r e l . Th is rat io does not r ef l ect the vo lume equ iva l ency of the two 
f l u i ds in reservo i r s . 
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OUTER CONTI NENTAL SHELF ( OCS ) - The par t  of of fshore areas under federa l 
j u r isd i c t i on .  

OVERCOOKI NG - See CONTROLS ( PRESERVATION ) .  

PALEODRAI NAGE AREA - The a rea be ing dra i ned of  hyd r oca rbons du r ing the 
t ime of migrat ion f r om sou r ce to trap .  

PAY ZONE - Product ive zone . See a lso NET PAY THI CKNESS . 

PERMEAB I LITY - See CONTROLS ( RESERVOIR ) . 

PETROLEUM - Synonymous w i th HYDROCARBONS . 

PI NCHOUT ( PERMEAB I LITY-POROS I TY )  - See CONTROLS ( TRAP ) . 

PLANN I NG AREA -- One of 2 6  subd i v i s i ons of u. s. o f f shore reg i ons used as  
the in i t i a l  bas is for  cons i der ing b l ocks to be of f e r ed for l ease in the 
Depar tment of Inte r i or ' s  a reawide of fshore o i l  and gas leas ing program . 

PLAY - A gr oup of geo l og i ca l ly related prospects w i th s i mi l a r  hyd r oca r bon 
sou r ces , reservo i r s , and traps . 

PLAY CHANCE - See CHANCE . 

POOL - An under ground accumu l at i on of pe troleum in a s i ng l e  and sepa rate 
reservo i r . 

POROS I TY - See CONTROLS ( RESERVOIR ) .  

PRESERVATION - See CONTROLS . 

PRIMARY MIGRATION - See CONTROLS . 

PROBAB ILITY - The pe rce i ved l ik e l i hood of occu r r ence of an event , i . e . , 
the rat i o  of out comes produc i ng the event to the tota l out comes 
cons i de r ed poss ible . Probab i l i ty va lues range f r om 1 . 0  ( ce r ta in to 
occur ) to zero ( ce r t a i n  not to occur ) .  

COND ITIONAL PROBAB ILITY - The probab i l i ty of an event g i ven that some 
other event has a l ready occur red , e . g . , the chance for a f i e ld g i ven 
tha t the geo l og i c  con t r o l s  of o i l  and gas are favorab l e .  ( See 
SUCCESS RATI O. ) 

MARGINAL PROBAB ILITY - The chance for at least a s i gn i f i cant min imum 
amount . Synonymous w i t h  ADEQUACY CHANCE . For pr ospects i t  is the 
PROSPECT CHANCE , and for p l ays i t  i s  the PLAY CHANCE .  

PROBABLE FINAL RESERVES - See RESERVES . 

PROBABLE RESERVES - See RESERVES . 
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PRODUCING RATE , WELL - The number of  bar r e l s  o f  o i l  ( or cub i c  feet o f  
gas ) that c a n  b e  produced f r om a we l l  in a day . 

PRODUCTIVE AREA - The area of a pool or f i e l d  conta i n ing produ c i b l e  o i l  
o r  gas , o r  the pos tu l ated such a r ea for a pr ospect . 

PROSPECT - A potent ial  o i l  or gas f i e l d . 

PROSPECT CHANCE - See CHANCE . 

PROSPECT DENS I TY - See DENS I TY .  

PROVED RESERVES - See RESERVES . 

RECOVERAB ILITY - See CONTROLS . 

RECOVERY - The f r ac t i on of o i l  or gas volumes in place in the reservo i r  
that can b e  brought t o  t h e  sur face is  ca l led RECOVERY EFF ICIENCY . 
Re lated RECOVERY FACTORS a r e  expressed as bar r els  of stock -tank oi l pe r 
acre-foot of reservo i r , or  thousands of standar d  cub ic feet of gas per 
ac re-foot of reser vo i r , or  standa r d  cub ic meters of o i l  or gas pe r cub i c  
me ter of reservo i r . 

RECTANGULAR DISTRIBUTION - See DI STRIBUTION . 

RESERVES , DISCOVERED -

PROVED RESERVES - The est imated r ema in ing quan t i t i es of pe troleum 
that geolog i c  and eng ineer ing stud ies demonstr ate w i th reasonabl e  
cer ta inty wi l l  be r ecove rab le f r om known r eser vo i r s  under ex i s t ing 
economic and operat ing cond i t i ons . 

PROBABLE RESERVES - The est imated quant i t i es of pe t r o l eum, in 
add i t i on to pr oved reserves , that geolog i c  and eng ineer ing s tud i es 
ind icate  wi l l  l i k e ly be r ecovered f rom pa r t i a l ly def ined r eservo i r s  
under ex ist ing econom i c  and operat ing cond i t i ons . Reserve add i t i ons 
to k nown r eservo i r s  may come f r om EXTENS IONS ( increased pr oved a r ea )  
and/or REVISIONS ( changed est imates based on new informat i on or 
improved r ecovery techn iques ) .  

ESTIMATED ULTIMATE RESERVES ( EUR ) - Cumulat i ve pr oduct i on plus pr oved 
reser ves . 

PROBABLE FINAL RESERVES - Es t imated u l t imate plus pr oved plus 
probable reserves . 

RESERVOIR LEAK POINT - See FILL FRACTION .  

RESERVOIR ROCK - See CONTROLS . 
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RESOURCE - A new or  reser ve sour ce of potent i a l  petro leum s upply , 
inc l ud ing both d i scovered and und iscove r ed sou rces . 

CONTI NGENT ( STATIC ) RESOURCES - D i s covered pet r o leum that i s  
potent ia l ly r ecoverab l e  but cu r r ently non comme r c ia l .  

D ISCOVERED RESOURCES - Proved p l us probab le r eserves , plus cont ingen t 
r esour ces . Past plus futu r e  sou r ces of supply wou l d  also include 
past product ion . 

UND ISCOVERED RESOURCE BASE ( UND ISCOVERED RECOVERABLE RESOURCES ) -
Potent i a l ly recoverable petroleum volumes post u la ted to e x i s t , 
r ega r d l es s  of presen t  acces s ib i l i ty or economics , in f i elds larger 
than some spec i f i ed min imum s i ze  ( MINIMUM RESOURCE-BASE F I ELD S I Z E ) . 

UND ISCOVERED ATTAI NABLE POTENTIAL - That par t  of the und i s cove r ed 
resou r ce base deemed access ible  and economi ca l ly and technolog i ca l ly 
f i ndab l e , produc i b l e , and mar k etab l e . 

UNDISCOVERED NONATTAINABLE ( NONECONOMIC ) POTENTI AL - That pa r t  of the 
und iscov e r ed r esou r ce base deemed acces s i b l e  and not economica l ly and 
technolog i ca l ly f i ndable , produ c i bl e ,  and marketab l e . 

REVI S IONS - See RESERVES . 

R I SK FACTORS , GEOLOGIC - See CONTROLS . 

RISK , GEOLOGI C  - The chance that no s igni f i cant o i l  or gas f i e l d  ex i s ts . 
Also ca l led EXISTENCE RISK or CHANCE OF FAI LURE or DRY RISK . Risk is one 
minus adequacy . 

RISK ( ECONOM I C )  - The chance that no comme r c i a l  o i l  or gas f i e l d  
ex ists . 

RISK ( FI ND ING ) - The chance that an ex i s t i ng f i eld  might not be 
d is covered . 

RISK ( DEPENDENT OR GROUP ) - The chance that a l l  r e l ated zones ( or 
prospects or plays ) a r e  dry i f  one i s  dry . 

RISK ( INDEPENDENT OR I ND IVI DUAL ) - The chance that on e zone ( o r 
prospect or play ) is dry r ega r d l ess of the sta tus of other s . 

R ISKED ASSESSMENT CURVE - See ASSESSMENT CURVE . 

ROYALTY - Lease payment based on per centage of gross income or of tota l 
va lue  of o i l  and gas produced . 

SATURATION , HYDROCARBON - The hyd rocar bon-bea r ing f r act ion of the por e  
volume of a r eservoi r .  WATER SATURATION is  one m i nus hydroca r bon 
saturat ion . 
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SEAL - See CONTROLS ( TRAP ) • 

SECONDARY MIGRATION - See CONTROLS . 

SHR INKAGE FACTOR , OIL  - See FORMATION VOLUME FACTOR . 

S IGNI F I CANT FIELD - See FIELD S I Z E .  

SOURCE ROCK - See CONTROLS . 

SPI LL LEVEL - The lowes t l evel  to wh ich oi l or gas can be he ld in  a t r ap 
before spi l l ing out . 

STATIC RESOURCES - See RESOURCE . 

STRATIGRAPH IC TRAP - See CONTROLS ( TRAP ) • 

STRUCTURAL TRAP - See CONTROLS ( TRAP ) • 

SUCCESS RATIO - In  a play , the cond i t i onal probab i l i ty that some prospect 
i s  indeed a f i el d ,  g i ven that the geolog i c  controls  of oil  and gas ar e 
favorab le . The success rat i o  may be est ima ted as the expected number o f  
f i elds exceed ing a spec i f i ed min imum s i gn i f i cant s i z e  d i v i ded b y  the 
number of prospects l a r ge enough to hold such f i e lds . 

SYMMETRI CAL D ISTRIBUTION - See DISTRIBUTION . 

SYNCLI NAL SPILL POI NT - See P I LL FRACTION . 

SYNCLINE - See FOLD .  

TIMING - See CONTROLS ( MIGRATION ) .  

TRAP - See CONTROLS ( TRAP ) • 

TR I ANGULAR DISTRIBUTION - See D I STRIBUT ION . 

TRUNCATION - See UNCONFORM ITY .  

UNCERTAINTY , GEOLOGIC - Spec i f i ca l ly ,  the impr ec i s ion in  es t i mat i ng the 
s i ze  range of s ign i f i cant f i e lds . In the broader s ense of  be ing unsu re 
or in doub t ,  unce r ta inty also  encompasses r is k . 

UNCONFORM ITY - A bur i ed eros ion s u r face . 

TRUNCATION - The bev e l ing of r ock s t r ata by eros i on at an 
unconform i ty .  

UND ISCOVERED ATTAI NABLE POTENTIAL - See RESOURCE . 
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UND ISCOVERED RESOURCE BASE - See RESOURCE . 

U� ISKED ASSESSMENT CURVE - See ASSESSMENT CURVE . 

UPS I DE POTENTIAL - See MAXIMUM . 

VI SCOS I TY - See CONTROLS ( RECOVERAB I LITY ) . 

VO LUME FACTOR - One of several  par ameters r equ i r ed to assess potent i a l  
hyd r ocarbon volumes . Examples ar e net pay th icknes s ,  pr oductive a r ea ,  
and recovery factor for prospect assessment . 

WATER SATURATION - See SATURATION .  

W ELL -

NEW-FIELD WILDCAT - a ho le dr i l led on a geolog i c  feature  never bef o r e  
product i ve . 

DELINEATION WELL - a hole dr i l led to out l ine a new d i s covery . 

DEVELOPMENT WELL - a hole d r i l led for produc ing a f i e l d .  

WELL LOG S  - Reco r ds obta ined b y  l owe r ing instruments in we l l s  and 
r e cord ing cont inuous ly some phys i ca l  pr ope rty of the r ock s . 

W I LDCAT - See WELL . 

Z ONE - One of mu l t iple  poo l s  ( or postu lated pool s ) i n  a f i eld C or 
p r ospect ) . 
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APPENDIX C 

ADD ITIONAL SOURCES OF TECHNICAL INFORMATION 
REGARDI NG RESOURCE ESTIMATION 

Anderson , R.  o. , and H .  A .  S lack . 19 8 1 .  Gu idel ines for NPC As sessment 
of Arct ic Oi l and Gas Potent i a l  i n  the u . s .  Nat i ona l Petroleum Reserve . 
Nat i ona l Pet rol eum Counc i l . Wash i ngton , D . C .  

Bugg , P . , and s .  M i l ler . 1 9 8 1 .  Pol icy App l i cat i ons o f  the NPRA Mode l . 
Of f ice of Minera ls Pol icy and Resea r ch Ana lys i s .  u . s .  Depar tmen t o f  the 
Inte r i or . Presented at the Sympos i um on the Eva luat ion o f  Petroleum 
Resour ces of the Canad ian Soc i ety of Pet r o l eum Geolog i s ts , Ca lgary , 
Al be r ta ,  January 2 0 - 2 1 , 19 8 1 .  2 4  pp . 

Crove l l i ,  R .  A .  19 8 1 . Probab i l is t i c  Methodo l ogy fo r Oi l and  Gas 
Resou r ce Appra isa l .  was h i ngton , D . C . : u . s .  Depa rtment of the Inter ior . 
7 7  pp . 

Do lton , G .  L . , K .  H .  Ca r l son , R .  R .  Cha rpen t i e r , A .  B .  Coury , R .  A .  
Crove l l i ,  s .  E .  Fr ezon , A .  s .  Khan , J .  H .  Lister , R .  H .  McMu l l i n ,  R .  s .  
P i k e , R .  B .  Powe rs , E .  w .  Scott ,  and K .  L .  Varnes . 1 9 8 2 . Es t imates of 
Undiscove r ed Recove rab l e  convent i ona l Resou rces of Oi l and Gas in the 
Un i ted Sta tes . u . s .  Geolog i ca l  Survey C i rcu l ar 8 6 0 . 8 7  pp . 

ICF , Inc . 1 97 9 . A Revi ew of the Methodo logy of sel ected u . s .  Oi l and 
Gas Supply Mode l s .  Prepar ed f o r  the Energy Informat ion Admin i s t r at i on ,  
u . s .  Depar tment o f  Energy . wash i ngton , D . C .  1 4 3  pp . 

I NTERA Pet r o l eum Consu ltants and I NTERA Techno log i es ,  Inc . Undated . 
PRESTO I I :  Probab i l ist i c  Resource Est imates Of fshore Code Documen tat ion . 
1 1 9  pp . ( plus Append i x  Al -A27 ) .  

I NTERA Technolog i es ,  Inc . 1 9 8 4 . Deve lopment of 6 0 6  Mod e l . A Techn i ca l  
Proposa l ( RFP No . 3 1 8 7 ) .  Subm i t ted to the Miner a l s  Management Serv i ce .  
5 2  pp . 

Resou r ce Planning As soc i ates . 1 9 8 4 . Gu ide for Us i ng the Leas i ng 
S imu lat ion Computer Prog r am TSL8 0 ( vers ion October 1 6 ) .  Prepa red for  
Miner a l s  Management Serv i ce , u . s .  Depar tment of the Inter ior . Cambr i dge , 
Massachusetts . 
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u . s .  Depar tment o f  the I nter ior , Of f ice o f  Minerals  Pol i cy and Resea rch 
Ana lys i s .  1 9 7 9 . F i na l  Repor t  o f  the 1 0 5 ( b )  Economi c  and Po l icy 
Ana lys i s .  Append i x  A. p. 1 1 7 - 1 2 5 . 

u . s .  Depar tment of the Inter i or , Sec retar i a l  Issue Document . 19 8 5 . 
Append i x  F ,  Economic Cons i derat i ons of the Five Yea r ocs Leas i ng 
P r og ram . 7 2  pp . 

u . s .  Minerals  Managemen t Serv i ce . 19 8 4 .  Resou rce Eva luat i on Program 
Report : Geolog i cal  and Geophys ica l  Data Acqu i s i t i on in the Ou ter 
Con t i nenta l Shel f .  Res ton , V i r g i n i a : Depar tment of the Inter ior . 

u . s .  Minerals  Management Ser v i ce . 19 8 5 .  Est imates of  Und iscovered Oi l 
and Gas Resour ces for the Outer Con t i nenta l Shel f .  Wash ington , D . C . : 
Depar tment of the Inte r i or . 

u . s .  Minerals  Managemen t Serv ice . 19 8 5 . OU ter Con t i nenta l She l f  Oi l and 
Gas Leas ing and Product ion Prog r am :  Annua l Repor t  F iscal Year  19 8 4 .  
washington , D . C . : u.s. Depar tment of the Inter ior . 

u . s .  Of f i ce of Technology Assessment . 1 9 8 5 . Oi l and Gas Technolog i es 
for the Arct ic  and Deepwater . wash ington , D . C .  2 2 7  pp . 
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