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ABSTRACT ’
The process of acqu1r1ng add1t1ona1 reserves of crude 011
:tfrom Canada s frontier sed1mentary bas1ns (Mackenz1e Beaufort Sverdrup,, _ .
'and ([brador) 1nvo]ves two phases of actrv1ty, -exploration and deve]opment
* The ab111ty of a’ company to generate suff1c1ent cash fyow to commence and
‘icont1nue the dr1111ng of wells is the cr1t1ca1 factor in exp]orat1on,.ﬂ;7*"
,whereas, in the deve]opment phase, 1t is the obta1n1ng of a’ suff1c1ent
'_pr1ce‘to cover the costs of product1on from a part1cu1ar poo] Us1ng
—;stat1st1ca1 s1mu1at1on‘techn1ques both the 1ncome and price senS1t1v1ty
A of Canadlan front1er crude 011 potent1a1 were exam1ned R

PR
". e

F1sca1 and roya]ty pol1c1es affected the 1ncome sens1t1v1ty

' stronqu “With 1ncreas1ng1y pun1t1ve tax regu]at1ons and present roya1t1esf?fff

| rates, the cash £1ow requ1rements to def1n1t1ve1y exp]ore a. g1ven bas1n

1nd1cated a tuo fo]d 1ncrease 1n the producer s share of the posted

¥ ‘o ".“

price’ of crude 011 S b yv '_ R \ . T
| JIf produc1b111t1es and pay th1ckne$ses,.encountered 1n the front1er;ff;
cbas1n (Mackenz1e Beaufort Art1c Is]ands and Labrador regtods) are s1m11ar <

'?to those found in A1berta,‘substant1a1 1ncreases 1n crude'o11 pr1ce woqu
‘,be requ1red to JUSt1fy the product1on of any_ poss1b]e d1scover1es Th?5f~;557
pr1ce senswt1v1ty funct1on generated suggests that the costs of product1on

for. front1er 011 are an: order of magnttude greater than those of the

oy R

- maJor1ty of A]berta poo]s
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CHAPTER ONE

- \
- . Introycrron - - . . C
- .. ¥ Aboug¢ 1850, ofl was first discovered'in Canada at 0il Spyings, . .

Ontario]. :Prior to that dlscovery;'Peter Pond andlﬂlexander‘rmt:nzie

observed the McMurray-0il Sands onithe banks of the Athabasca Riyer in

.']778 Durang the carlv years of oil productlon (1850 1900), a sungle :
i - -, 1, of.

oil- dlscovery uould\paturate the avan]able markct, cau5|ng ‘a rapld ey
»declxne in~pr|ce Due to prnmltlve productnOn technnques, newly dlscover-

' ed reserv01r° would be qu;cﬂ{yﬁjepleted 'hd a perlod of o:l shortage

x'”

v , ' : _
. wou!d-result with crude-prnces lncrea51ng sugnlflcantly.' Crude Oll price

would fluctuate ylolently dependjng on current dlscoverces and product:on ,*_b

. N I
-

- levels The avallable market for crude oul 1n th,s early perlod d!d not

expand s:gnlflcantly beyond lubracataon and laghtlng purposes untll the

invention of the automoblle. Gy ,_;' S '-jlﬁ

A

ce Natural gas was accadently dnscovered by the Canadnan Pacuflc Ranl-
) ‘Q s, X ’ s . . g

ways at Langevnn,iAlberta, in 1893,ﬂwhﬂlerbor|ng for water. ln Western Canada,

the first connerclal natural gas was found at Medlcnne Hat in 1901l Later,lnmru
. Yooe PRI
913, a commerc»al onl f:eld at Turner Valley, Alberta was found y fF\..zﬁ

| Curlous duscovery of 0|l has also made at Norman Wells, Northwest

. Terrltorues in fiao Durnng the ear]y development of the Western l;ij:'t‘f;t
’ 'jCanadlan flelds, the oi.l market was a buyer s market.“ The market pr:ce"of o
'1a barrel of crude Oll was controlled by the.Amerlcanllndustry and market;‘
- bearrng lnttle relatuon to- the\«nﬂdWIde cost of rdductlon, : Oll was a qf'i“
o commodlty |n\world over supply..l | | | : S | *

After the vurtual exhaustuon of the Turner Valley produttlosz;*~'~5
. T

FER

o capaC|ty in the late 'l920 s, . no S|gn|f|cant Oll produ).?on gpok place SN

e ln Canada for approxxmately 25 yeaqup'Durlng thls lnterval 'ug;[[ L



. . - . , .
P : DO : . : » .

domestic demand'was satnsfled by |mports . '4”‘ -i

‘ N¢ Léduc, Alberta, in 1947, o:l was dlscovered'ln Devonlan ‘reefs,

'

, - a geolog&cal‘tone prevnously thought to beebarren.' The size of thIS
S|ngle dlSCOVery was not phenomenal by world standards, but lt dld prove o

that the Western Canadnaﬁ’Basnn was a sngnlflcant 0id prov1nce By 1966,
‘\ : .
a recover&ble reserve of 9 mllllon to l0 billion barrels of oul had been
. ad } - S ¥ CiTe
’ conflrmed3 I o , S

IREE ~Lanada had }by the late 1950 S, the capaC|ty to meet its domestic

demand However “all of Canada was not Supplled wnth domestlc crude.
. Only Brltnsh Columbla, Pralrte and Ontarlo markets were supplled wlth

.

Alberta crude through the Trans Mountaln and Interprovnncual plpellne |

systems American markets were also 5|gn|f|cant Nevertheless, WeStern

°

' Canadnan producers faced an 0versupp]y sntuatlon and the need of lncreased

: {arketc - Qmall-and |ntermed|ate-512ed il producing compan|es lobbled X
Sl ” o
for the constructlon of 4 plpellnlerom Alberta |nto the Montreal market

o

BecaUSe of the: opposutlon from the large, sntegrated |nternat|onal onl-

. !
v

companles, the Montreal market was closed to Western éanadian crude and‘_;j.

(
a’; ontlnued to be supplled by |mperts .rom Venezuela and the Mlddlefﬁast.-f
‘ o

Canadlan prdducers were forced to seek new: markets on lhe North Amerncan

(‘

'contunent exclustve.of Montreal Thlﬁ arrangement was called the Natnonal

o e

Oll Pollcy, formulated in the early 1960‘5 by the D|efenbaker government.~
The pnﬁce of crude stlll was Se( by the lnte;natlonal market.‘h&,

hf'
v «

By the l970 s,“both nternatlonal polltlcal events and a clearer

! -

conscxousness of the flnute character of oll reserves changed lndustry and

Tn.

government ObJeCtIVES and polncy The Muddle Eastern polntlcal s:tuatlon ln

l973 p?ec1p|tated a flve-rold nncrease ln the average world market prlce,

-,o. I R _‘,

from_$3 OO/bbl.’to $l5 OO/bbl The Organlzatlon of Petroéfum Expontlng

R _; .’ o : wo



. \ . .
. : . 8 < ,' . Lt
Countries (OPEC) imposed an embargo to selected coutries-for an extended

jPeriod. Concurrently, existing production from Western Canada was recognized

as benng |nsuff:c1ent to meet pro;ected domestic demand (See Figure 1-1)

A shortfall was predlcted to occur in the early 198055 6. The'sltuatlon

had suddenly rnverted zntself from oversupply to expected ‘'shortages.

One alternatlve to avond the shortfall and assure the securlty of

/s

supply was to hring onastream ogl and gas from frontier areas (See Flgure
}-2 for deslgnation and locatuon of frontier areas). Portlons of the oil

'lndustry'had since the mid-1960s been partucupatlng actavely in frontler

exploration. The urgency and/;lgnrfncance of these efforts were now mag-

.nified.“ | ) e
: The purpose of thas w0{k is to analyie the effect prlce would have

on realizing frontier crude oil production. For the dLrposes of[/hls work e
' . 1 - .

‘ : »
the *e-m Y'=rjce'' requires some- precise deflnltlon. Generally, two types of

%

crude oil pricerare referred to: '
1) market or posted price, and,
2) wellhead prlce :
The market prlce is the prlce recerved for crudelorl dellvered to a . ”jf
refinery gate. Wellhead prlce is snmply the market prlce manS the cost :
of transoortlng the crude from the producnng well to the r frnery gate
A certaxn portuon of the. wellhead prrce rs a government sh ire.. The term" G'n

”pr[ce” w1ll hereafter refer specnflcally to wellhead prlce. o
For example, assume the prace of crude oil dellvered t ; he{Qntariot‘ax“
_-market is: $7 lS/bbl The wellhead prlce in Alberta is. glven by

/

Ontarlo market prlCe - transportatlon charge wellhead orice.
Assuming a suxty ~five cents per barrel transportatlon tarrff thls.glves

a viellhead price of $6.50/bbl. in Alberta.’ The Alberta government royaltyf;*7;?7
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|s forty two and a- half per cent of the wel]head prlce ‘The producer's
before- -Tax sharels $6.50 [1- “25] $3 73/bbl CUf nncome tax is $]‘ﬁg/bblr

and operating expenses_another $1.00/bbl, the effective return to the

.

-producer is $l.23/bbl:

. Before crude 6?[ becomes avai]ab]e'forbrefinery proees§ing; it must

®

be found. in its underg?ound reservoirs and/made to flow from the reservoir
to the tranSportatuon system ‘These tWo fundamentaf processes of crude-oil

supply, exploration and déVeIOpment, will be analysed separately " Each
~phase reacts d¢fferent1y to pr:ce;esther by-an income SenSItIVJtY ora
direct.price'SensTtivity. .

For the purposes of this wofh, incdme'oraprice,SenSTtiyity'will s
refer to the relationship of increased oil.sbpply (via,recoverabte'feSenye

additions or new discoveries) attributable to an increase in income or

price, |
Supply, = ¢ {Price) - . = - - - -1
- 'Subplyz =n (ineome) T ." ; "-1 142E117
Instead of describing jneome;er3bf?Ce“e]asticitieék_i.e. ‘“1/
B S L R = I
R A I
| where.E ='elasticity . .~ . =
s =-subblyf(bbl)k
.ﬂ~l = inéome.($)}e“ -

F;# prlce ($/bbl)
‘\ Wthh are snmply statlstlcs of Equatlons l l and l 27, the relatlonshup.
itself was derlved | -7-5?'AT:}"}Qlff_q5'ﬂt‘F: ; .,a' '1-{-vf},-1'*

The dlstlnctxon between the |ncome and prlce SenSltIVltY can be B



made'clear by'a‘si%ple‘analogy What is the reaction of a coésumér in
‘hIS purchases of bread if his total ancome is. rQZuced by - $lo 00?
' Svmllarly, how is his consumptlon affected |f the price of . a Ioaf of
‘bread .is lncreased by $10. 00? His' reaction to the first questnon wouldj
constntute hiS demand-lncome sansntnv;ty,.hls response to the second_:
questuon defnnnng his demand- -price sensntIVIty

In the fol]ownngAchaptersjthe‘%rice.aqd inéo@g sensifivity'of 

the_expToration“énd deVe]opment;bha$e§'will be examined. -



CHAPTER ™

THE GEOLOGIC%L COMPONEHT OF FRONTIER EXPLORATION

IT. Z Introductton

ln order to descrabe the etfect of prlce onmthe exploratton
, phase of onl supply, one mubt answer two questlons |
1) What is thevextent.of exploratnon-effort (number of'wi]dcat’f
s‘\t:wells 'to be drllled, seismic. and! surface act|V|ty, etc ) neces-
.A:-sary to resolve the uncertalnty ofonls be|ng present ln requured
yamounts? | |
: Z)QVAre-sufficlent:fdndsvavallable;to carry‘odtlthe'reqbired leyel"l
'of-explorationl | B |
' These questlons are the physlcal (or geologlcal ahd economlc components o
- of the dnscovery‘process They W|ll be consudered separately. ThIS >7?';l;'
- fchapter presents a procedure whereby the flrst questlon can be answered

Exploratlon |s fundamentally -a sequentlal sampllng procedure._h‘f'

‘ On the bas:s of the best avallable ge0109|c judgments, potentlal 0,1_1

{beartng rock strata are ldentifled lf the onl potentlal |s consndered

. economlcally sngnaflcant, the prospects ar'\‘ When there us*a'

Y .
Q

' :sugnufncant dlscoveéy, the drnll:ng wnll have confl.med the exlstence of

_”oll, (' oil is: not found v:e'contlnued fallures prodbce downward "l}@%ﬂf,

~‘rev|suons of orlglnal expectatlons of onl reserves. Presumably,/fallures

e...

 are tolerated untnl expectatlons reach ‘an economlcally unacc%ptable llmlt

_Any model related to onl exploratlon must express the sequentlal success~ fi
v*fallure nature of the search lifﬁ :; j:flijlfﬁ',j‘fla{.*,Qr‘77,f.f.j;kfff '
The geologncal questlon is how many wells must be drllled untll

7‘expectatnons of onl potentlal are, below the economlc llmlt? To answer

:_thls questuon,_a model snmulatlng the exploratlon process was developed



-/

Y

t'The~general~pto_cedure was' to conceive of a potentlal petroltferous basrn

¢

.,drnlled into the lardest prOSpect and was assumed to be a fanlure A new

'

~as consn#tlng of a.certaln number of prospects. -The 5|zes of these pros-".~

. i
{
Lo

pects‘Were distrfbutEd in some.highly skewed fashlon On the basis of
these prospects an %stlmate of the oil potentlal for the. basun, U ,.was_.

made before any drllllng actaV|ty took place A snngle well ‘was then

estamate for'U was then ade, ut|l|2|ng the tnformatlon of the largest

prospect belng non oil- bearl . The unsuccessful prospect was removed rom

‘further.con5|derat|on, A new p u]atlon of prospects was formed and the o

L

procedUre'of;dri_li'i'r}gvits*largest‘}b rospect repeated Contlnued fallures

were assumed to. occur (w1th new~popu tlons formed and reV|sed U S“eStT;,-h: »

mated sequentlally) untli the U, was be ow an economlca]ly acceptable llmlt coe
The three maJor requlrements of h\s procedure are

.1)_'a_L 1rnque for est:matlng the Inltl. set of prospects (| e ,.

-\"

creatlng the samhle space)
'.2);:a means for reassessment of reserVe potentlal after each drulllng t o
-Tfanlure, and o | | | | | |
»3), a dECIS|On rule (a annmum-acceptable u )Ifor the flnal
._iiacceptance or dnsmlssal of the entlre premlse of the basuns‘begng

The crucnal compgnent Ts the second one, the reassessment of

'7reserye potent|al after each drlllnng fa|lure To estlmate the magnutude_

':Jof"thns reassessment, an ana]ytncal determrnlstlc or numertcal approach

”',could be taken Appendlx lV outlnnes an approxnmate analytncal solutlon to

r

'[}thls problem The maJor dlfflculty wrth an analytlcal method was that the ”;1r

-Q:.

Q'Trequlred mathematcca] mannpulatxons were. unworkable.; A determunistﬁc Tf;ifq 5

4‘ .

ib.method would be essentually an applacatuon of geologjcal know]edge or “fihjih



. example of thlS type of proble

intultionu"-Avallable geolOQlcal‘re50urces_dld,not'alloW%examlnation of
.thIS approach :; o _ n | { . ) |

| - A numerlcal ‘and probabllstnc technlque, the Monte Carlo !
.S|mulatlon (or method of‘statlstlcal trlals) proved to be the mo§€;

_ productlve. Monte Carlo methods are generally applned to the solutnon of
','problems nnvolv1np ‘the uncertatnty of various |nput variables. 'Aﬁ
m8'9

is shown rn'Flgure llrl.. Consnder a :

‘ problem lnvolvxng determ|n|ng the value of output varlable, D. _To solve ,~'
R ]

»xi"for D, one requnres values fo(TA ‘B,"C.. However, the values “of- A B C

areQSubJect to uncertalnty, express:ble as some probablllty functlon : A“'

dlrect approach to thlS problem would be to solve for the JOInt probabl'*;
Y e

‘llty funptlon whlch gOVerns the value of D ' The Monte Carlo techn|que
|nvolves choos:ng a value for each |nput, A B C, and performlny the “

' calculat|ons labelled w, to determlne D i Once the probabll!ty functlon bf;‘
determlnung each-unputﬁls descrlbed partlcular values can be estlmated ‘fll
: The exercrse of choosnng the lnputs and determlnlng the output, D, lS o

?

repeated many t|mes ThlS produces a dnstrlbutlon of results for D The;}u -

P

| ‘value‘of the techn|que |s that thlS resultlng dlstrlbutlon bears some

firelatlon to the fundamental JOlnt probab:l|ty functlon ‘V Ab vil.ﬁ.
. For our SpelelC problem, the output var éble D is the };ﬁf?ft.

1cumulathe volume of oul bearlng prospects The :iluts are thefsuccesgu}p?;-V

ijr fatlure of the lnleldual PTOSPeCtS‘ -ﬂ,fl

.'er=.“2l "(Prdspect VO«L.ume)-.. P ,(ix)i-.; SR b B

hwn

The probablllty of each prospect belngFOII bearlnq .5 modelled

'f,';aftcr a densnty functubn of the form - "f;fff;.fﬁ{pnl,-f";glﬂff"

I

P (X) for 0 < X < } o
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2P0 =0, for 10> X > 1.0
.Where'x-is.a random variable-betueehlo~and lt .The function is ald}sjoint:'
uniform distribution. = 4'_ Hil_ ilf R ,’A K

The technlque makes samples of the probabll:ty functnon P to
-produce the output, cumulatlve reserve

’AThe actual>procedure for maklng these samplea,isyoutllned later.

in this chaptér L | . .
ThlS numerléal probablllstnc analog of the actual drilllng of
exploratory wells provades an estlmate of ithe. number of wells necessary
to be drtlled to bring expectatlons below an economrc ]lmlt .ThlS number~'

e

“‘_of wells wnll hereafter,lbe;referred to as the crntlcal_fallure;v~7‘ 1h¢?§%,

';IItZ dodel Descr“ptwon .
4. Basi ins Analyse e L ,T“:IT;"Tf:l_};' it;lﬁ--: B

| | Includej q— both the. Department of Energy, Mlnes and Resources";f/.;" '
and Canadnan Soc ety of Petroleum Geolognsts reports on frontler orl

' potentnal]0 2k was a summary of Canada s sedlmentary basnns whlch elther |
' rcontaﬁn onl or are thought to COntaln oul There are lS such baslns;}QQf5-;VF>
lht?e 15, three were examlned |n the model,.the Mackenzue Beaufort, Sverdrup
f Tahd Labrador Shelf Of the l5, the greatest expectatlons have ggén hélq
: 3 5

'ffOr these basxns by lndustry gaologlsts.ll The remainlng basnns*Were-not}

L c Lns:dered,to'have comparable potent»al

SumpZe Fbpulatzon G e e
To explore an essentlally vurgln basan, one must flrst ndentlfy

-ﬂthe Slgnlflcant prospects.i (The term prospect‘ rs defrned as any geologtcaltffjf

conflguratlon cons:dered to be potent:ally onl bearrng ) The problem of



o 13
: identificatiov%is in two parts. ' In any petroliferous baSin; oil is contained
in two'types o geologlcal sltuatlons or- traps, structural and stratu-
»graphic. The'structural prospect may be located by selsmlc lnvestugatlon

The straflgraphlc is consn{erably more obscure and relnes upOn geologfca]

”
! ’ . o E Q

1

-~

.Judgment for its’ rdentlflcatton.

An assumptlon of the - followxng exploratlon model |s that the o

| distrlbutuon of these prospects can be~generated ThlS dlstrtbutnon
would serve as the sample populatlon "4; : o fg

As avallable rnformatlon |ncloded nelther selsmlc mapplng nor
detanled geologncal assessments6 ah*alternate means of estlmatxng the *i:

..

dnstrnbutlon of’ prospects was employed T e procedure for generatlng the __;'

h'dlstrlbutxon':s outllned in the follow:ng steps o
h{gl.:' : The total volume of rock for each basnn, as tabplafed by Lhe
'hC.S;PJC. reportll was multlplned by a factor to convert thls :
’rock volume to pore lor voud space) volume" Thls factor was based on
tabulatlons of the Albe\ta sednmentary basln rock volume to pore |
'volume'ratnos as . claSSlfled by- stratugraphac‘perlods12 These ';;f‘iff
"factors were derlved from the work of thchon ‘ o
. ]_T7gh ln the C S P G. analyS|s of oul potentlal for each of the
3{frontler basnns, the stratlgraphlc peruod most llkely to contann onl
‘;frfwas |ndgcated for each of the three basnns.;;lidfipfi"‘ | -

j_fz}‘ | A sec0nd factor, based on the work of Ryanl,3 related pore ,177kv7?’*'

‘”*volume to total prospect volume.. (The Ryan factor was dernved from

¢ - )..:
« . .

'comglomerated data applled over all Strattgraph:e pernbds ) Thle‘“ffft7° o

E';flnal product (porc volume X “Ryan” factoz) represents the total'af=o'g -
"Qprospect volume present in each basan

3 BY:Prlvaﬁﬁ'COmWUU'Catlon With'several 'geologists, both © .
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academic and»industrfal, estimates of the number of prospects, above

a minimum of 10 miTlion barrels, were compiled. ™ No goVernnent’
geologists‘were le]ing to partTCipate:_ Alt available,estfmates-Were

._between 200 and ZSOIin nnmber.for pd;;pEﬁts;at depths “less than
15 thousand feet.v‘

b . With the total s7ze and number of prospects estlmated h

"members of the-dnstr|butpon were generated These members were -

.fOFCCd to conform to a Tog “normal dlstrlbutlon akdlstrnbutlon N

) where the ]ogarnthm of the varlable e normally dlstrlbuted) Refer

L <)

© to Ha]d]h for a. complete énalyS|s of the propertues of the d:strlbu- .

' tion, A tr;al and error solutnon was utlltzed generatlng a set of

‘ }og normally dlstrlbuted prospects whose size and number equal]ed the :

1

prevuous1y estlmated values.' (See Apdbndlx 5 for computer-

RS

l_llstingt)i
v'AssumptTons“ﬁadeHTn'thiszdeVeTopmentlwerei.'":T;h;ei.r
) | all brospects generated could be reached an :drTlTed?ingor-i
ing any constralnts as to.locatlon‘or depth ~~f.h.,f}jl‘A. o
,»z)}}“ The abulity to order the prospects from bnggest to smallest

'was not questtoned

f3)f a The set of prospects qenerated was consmdered to be exhaust|Ve{:f’hfi
5.'and no maJor errors in. geolognc;udgment occurred (An example of 1'f:;"'

’,vgeologlc oplnnon Ignorlng sugnlflcant structural or stratlgrapblc

'Ailjcondltrons was the fallure of the indgstry to drlll Devonlan reefs 'TL"

';pr|or to 19h7 The Devonlan had been consnderéd too deep for 0||

: “occurrence.)"

KRS



41%Z. Model Procedure ‘ ‘

. program was predi

i
|
f

The rationale tor-%he model used to simplate—an exploratibn ;

Fent Jog-normality.of oil

¥has\shown that Jyrassic and Cretaceous
- . 2y . ‘ . .

. - \\\—> Y ) /.
§ were not log-normally distributed, but

ed heavily-upon.the‘a

pools or oil prospects. (Dicki

pools fdunp_in Alb

'slmply hlghly skewed'in their distrlbutlon?) Despite the latk<pf

theoretlcal Justlfncatnon the log normal dnstrlbutuon was used to descg&ke

thlS skewness. ~Other authorszl]0 have_also resorted tQ;the '09’

normal distribution as a'description of oil pool dlstribUtion;

2 .

a . " Log- normallty |mpl|es that the maJor portxon of the total

£ reserve is~found xn,a'few large pools. Consequehtly, the largest prospects

l an* economlc ltmlt

vall prospects are equally l:kely before any drllllng has QCCurred

' expectatnons in expednteS}by thIS pattern of drllllng

ought to e lnvestlgated rnltlally followedﬂby successnvely smaller '
prospetts in subsequent drllllng attempts. - |f all . prospects were.

R ] )
eventually drllled the order would be from the largest to smallest.- (The

practncal dufflcultnes of aghlev»ng thlS drllltng order were |gnored

An example of a practrcal constralnt would be |n reachrng pr05pects

s

located |n the deep offshbre of the Beaufort Sea ) Thelargest prospects~i;fﬁl:*l

STy

would represent the largest potentlalltles for Crude orl, assumlng that

O The alm of the model fs to relate reserve expectatlons to -

drrlllng fatlures and to estlmate at what pount the expectatnons are below;-f'“

Ll
.;‘ty' o

.
. .

lnltla) eXpectat|ons can be:placed at any level cons;stent Wlthv
a company s geologtc Judgment However, the process of revrsnng prlor

o

“, The modcl cxpresses the relatlonshlp between reserVe expecta-?r'h”

v b



4

play. : .f“, - L3

for the total set of prospects (200 in number) The occurrence of

o 5."g The lOO esttmates were averaged ThlS numerncal average ﬁ"

R ﬁ - . . 'v)
- . > .

’

’\‘ -

1.~ The ratio of the number of successes expected to the number, ,

t

of attempts made the suGcess ratlo is choggh Before any drllltng_
attempts and results, the vaTue of. thns ratio is no ‘more rellable

than oplnxons of the geologcsts upon wbwch it is based.‘ The value

used in this model came. from data based on recent drllllng programs g

_ln the Northwést Terrltorles (See Ref. l6) ‘This- partlcular value

(one in lO) is biased towards the experuence of the Norman Wells

2

N v C\
2. The e&pected value of the cumulatlve reserve IS determlned

- eyt )v

P

oil in each prospect is sumulated bV the value of -3 randomly

’-generated d|g|t A random dlglt, between zero aég ten, represents

a fatlure 1f |ts value is between 1.0 and 10. 0 and represents a '

(%2

' 'success |f nts value is between O 0 and l 05 Dependlng upon the value .

~

of the‘random dlglt each prOspect is eva]uated as to its be(ng:orl--_‘
¥ o _ .

» bearlng or not; *lf'the prospect was’ ~o:l-bear|ng thelOIITTésérvél-

L3

volume was equalled to the p:ospect volume._‘e

- 3;,; The prospects whnch are oil- bearlng are’ totalled to.o:ve a,
slngle.estlnate'of the.cumulatlve reserVe L ‘;&' *l o . }f=7 ;';i;=;
'53 :A_ Steps 2 and 3 were repeated lOO tlmes glVlng l00 estlmates

'of the cumulatIVe riigrve erpectable from the 200 prospecgq S 10(33,

crepresents the a. prnoru expectatlon of - ocl potentlal for the basun
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¥ 6. A drilling attempt is presumed to be made on the largest
prospect resulting in a failure (i.e. no oil was found). This largest

prospect is removed from the remaining set of prospects, and éteps 2

: {éthwough L are repeated, generating a new expectation as toréﬁ;:lative
, o ‘ o . | ]
s reserve. This revised expectation incorporates the exclusion of

)

%%§n the largest prospect. *

7. Step 6 is repeated with the largest-remaining prospect

?lﬂexcluded For each successive drilling failure, a revised expecta-
.vﬁ’"” . .d‘ -

. ~tion of oil reserve is made. ' _

. . o Lo ) o

8. Steps’ 2 through 7 are repeated until all prospects are
eliminated, and a curve is generated relating drilling failure to - |
reserve expectation, L :.‘ o 4

3. Sfeps ] through 8 are applned to each of the frohtler basnns..”

Figures bi-2 ll 3 and II -4 summarize the results.
: - ]
ThrougheuR thls procedure, the success ratio was - not reVISed

.

)

desptte dru]lqu fa:lures,-nts value remalned |nvar|ant at 1: 10 (See

.

Appendix V far computer ljstlngf)_v

tv. Decision Rule

The purpose of this section was to answer;the question of hbw’

manYiWellsfwere needed to be drirled‘before a'basfh>wd be reJected as.

»

being below an economlcally acceptable reserve in its. 611 potentlal Tb.[i

answer that questron the curve of dril]|ng fallure versus reserve expectatlon .

(Flgs..ll-Z,_I!*3 and II-Q) was generated A decnsuon rule (what is the'
minimum aCCeptabie‘reServe?) }saalse reQﬁqred ThlS requnres the lntroductlon'v

of economic considerations.

The decision rule determfﬁesvthe point along the. curve of .

oy

¥



EXPECTED RESERVES [BILLION BARRELS]
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EXPECTED RESERVES [BILLION BARRELS]

~ FIGURE 11-3 -DRILLING FAILURES VS EXPECTATIONS, SVERDRUP BASIN': .+ -
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failures versus expectations athhich poTnt;the decision‘to no longer accept
"-continued failures‘fs maderh Any.discOVeries past thJs‘point.would ndtlbe
'ec0nomica‘TY”viable, BT i ? - »'ﬁ‘.‘-.. b .»'$S‘
i ) A variety of methods and'criteria.for'determining:thTs.decision"
rule are Possuble Thé.choice'depends upon the'corporate attitude toWardsh =
-‘rask necessary rates of return, avallable capltel and other factors
'contrlbutlng to the utvluty funCtIOn of a partnc:patung companyA
| " The crlter!on accepted for the threshold used in thns model Qas

_that of requurang reserves to be of- sufftc;ent magn|tude SO as to support
a transportatnon system ! The transportatxon system would delnver the .
I reserve to a southern market'over-a~per|od of 20 years “In attemptlng
to answer thns threshold quest|on, one»faces'awuarrety of assumptions TT'FH"”
- and" uncertatn varlab]es Thesé perta|n.to costs, routes, buuldlng o
technvﬂuef anancung, etc. The goa] was not for prectsuon but a ﬁ..“
irelatlve order of magnltude : The detal]s of the pxpellne versus reserue
‘study'are presented in Appendlx A . : ' T = ’

The result of Appendtx A p]aced the threshold between 2 billlon to

'3 bl]llon barrels based on a Mackenzre Delta EdmontOn pipellne..‘The_d?_J3':"
}..same flgure for the threshold volume was used for the other basnns 'f:f“
dother than the’MackenZIe Beaufort Publlshed reserve—threshold estlmates é;<'f
'were wnth;n'égdper cent of the model‘s estumates%dn'(See Table ll-l) | i

ThIS mnnnmum-acceptab?e reSerVe marked the number of faulures —

.3.the explorer ought to accept before decldtng to abandon a. basun.'

A summary of the results of thrs chapter 45 Presented ,n ;;._1;;,Av;,.

.., )

= Tab]e || -2, e



TABLE ll—l

COMPARlSON OF THRESHGLD RESERVE ESTIMATES L

oy
{

i . . - . - 3

o B | HACKENZIE DELTA
CCOMPANY . UBEAUFORT.SEA < }
B E L Threshold Est:mates (Bll]lon barrels)

R R A
This work - T T 2.0t0 3.0

L

. Canadian .~ . I N R
Petroleum - Lt oo e T g
VAssociation.v " e ' L s e
@2 SRR o T ‘ S T S P R S B

s Gulf oil - T ;' f:j,;:*' e te e R
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Amoco Canada C oo e odos e
CPetroleum .t E T T g g
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Mobil i1 o tea
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Shell Canada . -
d
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':TABLE'II'Z

' BASlN CRITICAL FAILURES -

CBASIN. . MELLS REQUIRED (tvo wells

o o N : per prospect)
Beaufort-Mackenzie S '.lhhft4‘ . .
Sverdrup |, - - .ﬂf' ‘ __}.f_: it'_ZOZ‘;

. labrador o206 0

‘ ln order to assure that a partlcular prospect does not contaln

i o'l,fut is |ndustry practlce to dr|ll it twrce. Thls ﬂ

practrce increases the Va}'dfty Of the |nformat|on from drllllng tests
| The dEta‘IS °f depth of drllllng, Onshore ‘and Offshore ,jfff»h,wf '
| locat|0n type o feature (salt dome: fault, sYncllne, reef etc ) and

Afthe area pertalnlng to each feature were not |ncorporated Such

-; ‘detalls would be us]ful as they would prOV|de for greater accuracy in.

g costs and the phySlcal practucabxlltv of drllling ‘a ifa”“
rilpartlcular feature-‘:ff-;f~" 'f:fbfef_c7f;=f"f E S SR
’ ‘ S et ST : 1q~ -
Flgure ll 5 shows varlous organizathnst EStlmates of petroleum e

o

T potentaal for the Mackenzne Beaufort basan as a functlon of cumulattve ff_17”~
:sh'exploratory wells drllled The general form of the curve |s srmnlar to
B that of rlgure |l 2 3 h, a decreasing expectatuon wlth |ncreased

llbvdrnllrng effort The number of exploratory wells drllfed (as glven by

_Cii0|lweek 3) ls somewhat htgher than the necessary number estlmated |n thrs”;l;;
':fmodel (|gq) Tne number of‘Wells per prOSpect could have been greater than E
:,;two. Nevertheless, the two leUres QF|§ure ll 2 and ll 5) dleCt'ONa"Y are

_ - ;‘;hé el

1,7'very sumllar.. The ponnt at whlch a deflnit ve |ndustry decnsaon on

vfuture of orl potentual of the Beaufort Macken21e basln |s tmmanent. ’

nﬂthreshold and the expectatlon are approachlng each other.:,n,j;lf
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II.3 Direct Market Price'Sensitivity on Ekploration’

The nmpl:catlon of the two questnons stated in the |ntroductton of'
this’chapter was to preclude the possnb:luty of & dlrect prnce
' sensutlvuty (as def|ned in Chapter l), as affectlng ‘the. explorat'on phase.
The current price is related -to exp]oratlon pr;maruly as a component of |

the explorer s total |ncome, i.e., current price tumes productlon from
currently held reserves equals crude-OIl prodhctlon—dernved |ncome - The

tmportant exerCIse was that of determ|n|ng the |ncome needed to flnance the :A;*,

necessary exploratlon program and the crude 011 prlce requtred to

Produce such lncome o . n-l ‘,“ |
_ . . v . , ol SRR
Exploratlon |s predomlnantly lncome dependent whether that anome bef_
F

_v der1ved from the sale of natura] gas, gasolvne or hamburgers, borrowed

" caputa] or equlty lnvestment.- The present study concelves the oul lndustry as
prtmar|ly dependent on |ncome derIVed from the sale of crude o:l. _A,Ifw'”
The avallable.market prlce obtatnable for a newly dlscovered {,byﬂf;'ﬂ?

crude would not be \he crucxal factor |n ItS being dvscovered ' HaVIng

' the tncome to drull the well to ﬁ1nd the new source |s the crttlcal

. o qu

' |ssues;~ Increasnng the market prlce wn]l have only a: secondary effect‘ B
: c ' e | _

on the drscovery process N A possuble prlce sensntnvnty on expiorataon
. would manlfest ctself by reducung the thresho]d reserve and extendlng the35549~*

number of wells necessary to determlne the crttlcal fa:lure.»
ln Flgure II—6- transportation cost :s p]otted agalnst

possnble plpellne dlameters.» As ptpellne snze IS lncreased, capac1ty‘*

snmnlarly ugcreases and the per-barrel transportation cost is. reduced _;g:ﬂf'”°

.,(

To manntain a p1pe1|ne at max:mum pbssnble throughput, a certaln '4 :

bff.reserve=l5-reQUlred F;gure Il-7 shows the relatlonship between Ptpeline?zfl°:“

512e and requtred reserVe
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Once a market pruce is set" (such as” $6 50/bbl ), one-can calculate_‘
' the break -even size of plpeltne, i.e., where market prlce equals trans-

“ portation cost. w:th a plpeltne size chosen on thts basns, a requnred ‘

vthreshold reserve |s also spec:fled For the case of $6 SO/bbl oil, a

'two -foot dtameter p:pe]une is economtc and an approxlmately 2- blllton-

barrel reserve is: requ1red } -

lf one had nncreased the market pr;ce, presumably the ptpellne

‘slze and tﬂreshold could be reduced lf the threshold IS substanflally .‘;

) smaller than 2 bullnon barre]s, lt w4|l affect the value for the number
'of Wells requlred, cr:tlcal faulure value and ultlmately, the lncome

requnrements. The sharp lncrease of the transportatlon ‘cost for p|peline
of less than two-foot d:ameter reduceSvthe effect of market prlce onrk 7
; requnred plpellne snze, however. An 1ncrea$e in prlce to $10 OO/bbl

requlnes a ureak-even pipellne snze of ] 5 foot dlameter., The corres-buff

ir.pondtng reserve for 1‘5 foot dlameter plpe]nne is ] btlllon barrels.ir

:~qu|red a plpellne of 1. 75 foot dnameter and a
1 : SN U ; "’

‘reserve of ] ;-arrels.r The sensntnvnty of market prlce on

‘fthresherLWQ, ;fidered sugniflcant for market prlces over the range ;"df

of $6 oo/ebb‘l'

If 0| ft prlces roll back to the $2 50 to $h 00/bbT 'ESﬁge;}:af-ti
‘-7jthe threshold § v ‘becomes markedly sens|t|ve,‘ef"l R SR

e ._ ;'12_;-
ﬂ;fII 4 Dtscussi

ffReassessment Procedure

The exploratuon process, presented in thns simulattqn, consisted L

,t'of a sequence of decreasung reserve expectatlons caused by successuve iff.v.

’7v5drll]|ng fallures.. Had a sngniflcant duscovery occurred the économac

_'.analy5|s would’have become one for the development,:not explorat|on phase.;(ﬂ

oonis
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v
The mechanism whereby thl;’downward reassessment occurred was

- by .the successrve elsmlnatlon of the largest prospects. A complementary"

4

procedure would have been to reduce the value of the success ratlo after
i . . . . X

a

each fanlure DT . S . ._' L N

Q

To pred|ct an actual company s reassessment procass would be
. .- o M .
more»a matter of behavioral psychology,than of operatnons.research. The

task ‘was to descrlbe each company s utillty functnon.

leferent companles will doubtless react. dlfferently when faced N
- with slmllar‘results -The'extremes of reactlons would“be_those of

]

unremitting Confldence (| €., every prospect is expected to be a sucgess ;"

Y

Tand is el|m|nated only by an unsuccessful well) and one shot

pessimism (|;e drlll one unsuccessful well and wrlte off the potentlal

of the entlre ba5|n) : The former |s never consudered the latter rarel%

(for example the’ exploratlon of the Hudspn Bay bas:n)

- fhe usual |ndustr|al practlce wou]d be to make\a re evaluatlon

.4.‘.3 ¢ '>:_ - - ; g

Hof the ‘success.. ratno._ Thns parameter would character|2e corporate w;_}'?

: ~0pt|mnsm or peSS|mlsm.; The fundamental uncertalnty would be of the true f‘ff

l_value of the success ratlo

B o ST b s
_{“. e r; The ratlo wnll be known conclusuvely:when all prospects are -

fdrllled The a prloru knowledge and conV|ct|on |n a partlcular

ﬂrlassessment are matters of geologlc gplnlon-, Each

- . . : o R Cbe e T

~"part|c1patlng company makes an estlmate of the success

f»ratlo and acts accordlng to |ts |ndlv1dual convuct|on whether that |mplles '

- _early abandonment, long term commltment, or never embarklng on such a
wprogram.‘ The company wuth the closest estlmate to the true value Q!"H

v

3Lacquwres ‘a competatlve advantage, as evldenced by the experlence of

'T’flmpcrual Oll in- l9h7 The uncertanntY makes decnsuon-makung dlffacult ."'f;
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5.

' and insecure. co . S - . .-
Error |n reserve estlmatlons anﬁ“undue faith.or pessumlsm
f
I 4 . Aot R |

cause one-of two errors: S S

«

1) wasted eXploration d?IIaFS,;or,. / -
2) .abandOn‘ment‘o,f-a sjgnificahé'Oijfbasfn; T R

nTheS? errors are a”?‘°9°”5?tg Type j.é“a Il errors of h;éotﬁésis testing

-‘ theor;.y}:"'l ' o : o '- ‘ \IJ."«' '
1) ’TYP? 1 - reJect a’hypotheSls\wh|ch is’ rea]]y true (reiéct.on ,
d" o error)_ o | f"* ?./ 7h‘ .:" =
~ .2) Type Ny - acceptance of a hypotheSIS whlch Is really false _
O ‘ (acceptence error)]8 o, A% R

’

lf the prlmary obJectlve of the parttC|pants is to melntaln Canad:an

self suff:cuency\nn O|l supp]y,the reJectlon error,ts the more serlous
«Q o~ -3 - - (rj‘

W|th the assumptlen of the |nvarlant success ratzo the probabllnty of

thns error |5'reduced The lnvarlant success ratlo |ncreases the number

. of wells“to’ge drllled'and the’ greater the number of wells, the more exhaust-
|ve1y is the ba5|n explored :

: To avond the reJectlon error,reassessment took place only by
the eitmnnatuon of the largest s:zed remalnlng prospect.l The value of

one- |n IO for success ratio was not changed throughout the |terat|ons f/
: o R S IR ‘ '
of the sumulatnon.f f: ‘,.'/”NL>’4 N SRR x ﬁ_f' o

.‘v.

Alternate schemes of reasse55|ng the success ratlo arﬁ&as o

numerous as partlcnpants in: frontner exploratton. The |nvarlant success -
o !

ratlo |s cons&stent wnth an obJectlve of self sufflcnency (See Appendlx-'c"'

4

B for a: means of success-rat:o reassessnent based up n the

beta dustrlbutlon.‘ The resu}ts use a constant success ratio and the

. . ;0
[EIP 0



31

‘results from the beta-distribution case were not significantTy different.

o See Appendix B)

The dependence of crltteal fanlure on the assumed value of the

- success ratio was not significant. (See Figure TI-8) Along the

ahseSSSa.is the perameter, q;- This‘paremeter is e'measufe‘of one's reTativei'
'condeence or belief in a perfTeu]er veTue,of.the success ratio. .(See
Appendix B for fdr;her_decussTeh oh the beta'diStributToneand.Ttsﬁ

parameters, a and B,) 'For the -range-of~confidenees,‘thezvalues’de

ces

crlttcal fallure for each of the three success ratlos are’ w1th|n ]OPer “cent Of
each other. 'The_va]ue of theicrltical falTure ds nft slgnyflcently

affected by the choice of the parémeter;‘u; with%p fhe’renge

indicated, - - o L R

The results of this chapter'providedTen.eétﬁmateTofrthe;number’
of Wells-required te-he drilled in the frontier basins.toldetermfne whefher,

they contauned economlcally s1gn|f|cant O?L- The lssue of |ncome sen-« ~;.f

¢

.sitlvuty must be- resolved by applynng these exploratlon requlrements to.

the cash flow pFOJectlonS of the oul nndustry The exerC|Se W|ll be to
: " . Ja
'so]ve for the |ncome requnrement neces«ary to flnance thlS exploratlon
M . .

ilevel The assumptuon will be made that the source;of |ncomé wfﬁfﬁcome :2
. sole]y from the sale of crude orl productlon and the crude-onl prlce wnll be o

| adJusted‘to qreate:;he anome.neeessarwlfe

R A
R

T S [ e
~[INCOME 5 ‘CURRENT ‘PROQUCT LON- X PRICE]

‘The ﬁirM"pﬁlcef_feferredttosthat”pbrtionfofffhefmarket‘or postedrprjdeﬂ_;‘.

[ . ; o n o R TR kb SR R
~which is the producer's share. ‘wl'-f¥)'. S e
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CHAPTER. THREE .

INCOME SENSITIVITY MODEL

‘IIT.1 Introduction

A cash-flow mode of.the'entjre_Canadian-oil‘producing'industry'h
'was'developedjto determine an -income sensitivity. The model solved for the -

oil price necessary to prov1de the |ncome to sustaln the exploratlon
'requ1red (as determnned by the work of Chapter Two), whlle lmp051ng
_varlous flscal scenarlos The: two - maJor assumptnons of thlS model were

1) - the conglomeratlon of dlsparate companles, and

'2) the-absence.of d|verslflednorgexternalutncome. TV!J']
The justification’ for the first is pragmatic, while for the seconda matter’

of emphasis. - e S Hﬁ‘f'__,fﬁ_‘“7

The exploratlon model developed ln Chapter Two was based upon a

set of 200 pr05pects. located |n each of the three frontler baslns, o

whlch would be drllled up to the pOlnt necessary to prove the exustence of
economlcally 5|gn|f|cant reserves of Oll No comment was made as to wh|ch

-companles or consortla would flnally carry out thls exploratlon.ialn';~ltf~
’realuty, vnrtually all of the ”maJors“ and many smaller-SIzed oul‘companlesh;7u
_Ahave held lnterest |n,or completed drllllng programs amongst these pro;pects
. tach partlcupant would have some portlon of - the 200 structures.lilhei'e:mtile

ﬁdecnsnon analysrs developed |n Chapter Two would then have to be applled to ';tv
y'_each part|c1pant ti_Vf{ jv'_"_ufv.fyl7-_, ,f"fltf;t.ff* aﬁfzuo»izfgt‘f:h”hl:

¢ .

.[{_i,-'“‘ The task |nvolved in modell|ng thls multf-parth|pant satuatlon.,- |

{,“beyond |dent|fy|ng who the partlc1pants were and descrlblng thelr lnleldual

cash flows, would be to allocate to each partacnpant a portlon of the

’vj200 prospects. ThlS lnformatlon was avallable frqm some government depart-~-f“f

o ments, but 1ts appllcatlon to the deC1S|on analysus would be a formldable task ,

¢



'3hf
The 200 prospects wlll be explored exhaustlvely by the entlre

‘lndustry. The declsuon regardlng any basnn wnll be a collectlve one. '~Thet
.-chOlce of a conglomerated approach was the most practlcal and pragmatlc
-‘when approached from the vnewponnt ‘of ‘the- llmlted resources avallable to rnx«'A
a snngle student. -y | | | | o

- The assumptlon of a srngle, nnternal source of addutnonal revenue, -
the sale of crude onl was made in order to lsolate the‘effect.of crude oll
' prlce on’ lncome The alternate petroleum—revenue sources (natural gas,.‘

natural gas l|qu|ds and sulphur) were included ln the revenue entry, but

held constant at 1974 prlces,i,:

The conclus:ons of thuswchapter may be |nterpreted as the.maxnma
| ‘of a set of possuble solutlons. Each member of that set wouldibe con5|stent
>f~w1th an assumed fd‘.hcnal structure and the role of crude-0|l prlce wlthln ;;lf
'that strueture. The model presents a scenarlo where’crude-oul produCtlonv
~rreVenue ls.the maJor component of undustry revenue;. ThIS scenar|o -75-.5:';
{emphaSIZed the relatlonshlp between crude-onl prlce and the flnanc1ng»of

exploratnon programs.w'- S

fJIT2 Mmklfvmw&we ff{ffhgf.;m“uﬁjyﬂ

The lnternal cash flows of the entlre Canadian 0|l |ndustry were
- modelled usnng the data Provnded by~the Canad:an Petroleum.Assoclatlon.- @*~7’71"

t,These data, annually presented |n the c. P A Statlstlcal Yearbook ?, are a

,'compllatnon of |ndustry expendltureszln exploratlon, productlon and '

- 15 L
j-ref:nery operatnons.; [The compannes constltutlng the €. P A. represent

.

fkprlmarnly the larger olllproducers. The smaller sndependents have T
, organnzed |nto a samular, though separate, organlzatnon, lndependent

E'Petroleum Assoclatlon oﬁ Canada, (I P, A c ) The two groups evolved out of

\

[ S

3fopposrng marketvrnteresisyamong,large%and”smallgproducers¢lnatheteaﬁlyg'*j

A
.
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196‘0’-.{‘f ]"_
‘2, The crude -oil productnon of the lndustry followed the projectron :
‘. establnshed by Ryan6. Thls pro;ectlon spanned the decade from 1973 to l985 _:_
Revenue was calculated by the pnoduct of crude—onl prlce and productaon
plus natural gas revenue., The natural gas productlon prOJectlon came from
the Imperral il subm|SS|on to the Natuonal Energy Board 7 JNatural-gas‘
:'lpruce was calculated .on a crude equuvalent B T U basls e ”'_ ;;v 3
. 3l lndustry operatlng‘exoenses and caputal expendltures were corre-'figf;
lated to'productlon levels. »‘1ﬂo‘:;:-;hto{fn‘ | e e
j;h} An annual exploratlonvexpendnture was assumed lnltlally tolbe
5100 mlllnon per year. tf”friy‘fd;.”;:;1i?;f#:tt.';hij:fhfl-: “iv;f .5ﬁ”
| ~|5g One of three flscal scenarnos was chosen;‘ The flrst of these
‘ three is descrubed by those tax laws appﬁncable untnl the fall budget of f;»h‘ﬁ\
' ll97k he » Jmflcant features of these]laws were that royalty payments B
'»and a. depletlon allowance were deduct;ble.trom taxabde lncome for calculatlngrvr
-federal lncome tax. In the second scenarno the royalty payments are no ‘hh‘yﬂr
llonger deductlble whlle malntalning the depletlon allowance deductlon.vi"ni;f}
’ The thlrd scenarlos removed both royalty payment and depletlon allowance ﬂdhr
‘}has‘acceptable deductlons.jyfgiy_=;77TfC:wfj*i;tiiil: . :‘ ." v.. :
.1’6:_ A pr:te of crude oul assumed to be $l OO/bbl. and the after-tax i;lf

nf;cash flow calculated for each year from 1975 to 1985.;.tQ;

f.ﬂijf' The prlce was ' ancreased at $l 00/bbl |ncrements untll the‘a_ter-

8 The prOCedure from Steps h te 7 was‘repeated but wnth thdf

: qi:ploratuon expense nncreased by $100 mnlllon per year._)The routlne



'contnnued until exploratlon reached a $l bllltOn per year expehse.nﬁe_f
'9, The flnal result was a set of three curves, each correspondung
to the partncular fnscal scenarlo of exploratlon.expense versus prlce,:'**45'
v . -
- where the prlce represents the ml%nmum pruce necessary to manntaln a L
‘pOSItlve after tax cash flow (See Flgures Ill 1 2) See Appendlx v for

.computer llstlng. _,,1‘7 St .fwtt f1= ‘fﬂuj :-z_a:;f‘g‘f~;1 :2;'.,5..;9

1II. 3 Iﬁterpretatzons of'RbsuZts ;v;:figl:iﬁ:j ;f'lit f:tf;JLEhﬁ‘ﬁi?T.”N:':t
| : The work of Chapter TWo was 5uperrmposed on.the tndustry casbr?fle:~}
f.flow curves.‘ For each basun,»the maxumum number of wells requnred to be_hjl;"
;?drllled had been calculated The results were summartzed ln Table llép o
fThe cost of exploratory wells was multnplled by the number of wells
.Vnecessary to\determlne the total Exploratlon expense requnred ln each of
: the three basln ' Usang the same lO years, 1975 1985, as the tlme avallable
Jefor exploratlon of these basnns, the annual exploratlon expensq was calculated:rfh”
o i.~llﬁ Mackenzre Beaufort hj;:lijh{.\ 53 MM $/Yr

Daosdnne T momesro

..“Q 1(\3 Labrador ‘fjﬂia._t»? ;ytfh f;ht;;f_l6 HM $/Yr‘ f?.

’fcommunlcatlon Wlth al professronal geologlst

2'1n Table Ill l No adJustments were made for depth or“

s

'}nn these data ]
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‘a prlce of $3 00/bb1., ‘This tak scheme;flaw untll;thenfall'of'197Q-VQ0uldb |
'have allowed the |ndustry adeéuate cash flows at current prlces (1 e. $3'bb/bbl
s.aiwgompany share) to contxnue exploratlon to V|rtually any level AThé. ,.‘”
-_crltlcal constralnt in exploratrdn 1n order to complete the preram wnthnnt__,
- the decade would then be loglstlcal rather than ftnanC|al. |

| | The second case produced an upward translatton of the prevlous

" cur've’ of between $ 50 t $l OO/bbl from case one for |dent|cal exploratlon bi
:“expendlture to. $3 50 toysh 00/bbl The $360 mllllon level requlred a prlceAfZ’.:
:of~$3 SO/bbl 1 The thnrd scenarlo é;used vet greater |ncreases an prlce d;ll:‘
¥ WIth the $360—m|ll|on level reqU|r|ng $6 50/bbl ‘f {;,;ff . SR
s The present tax laws as’ formulatuon ln the'proposals of the Turner
d:budget of November, 1974, come closest to those of scenarlo two (wlth the

'_"..promlse of "earned“ depletnon, | e., exploratlon effort must be sufflclently *

’.h:gh bt‘or* dcpletlon allowance may be clalmed) , For the range of betweeh

'f$lOO mulllon to $300 mnlllon per year un exploratlon expense, the pruce S
E requnred was essentlally constant for a guven flscal scenarlo.Z;Thﬁgfi;ff"fffﬁ
:slgnlfncant |ncrease ln requured prlce took place between flscal scenarios. '53¢f

The prrces lndlcated |n Flgure III 2 represent only the minlmum

';necessary to manntaln pOSItIVe cash flows No allowance for a greate,n

areturn on lnvestment was made. Exploratlon is mpreMSenSItlve<t

;froyalty pOllCles than the actual cost of exploratlone:

‘fconsndered -non- deductnble expenses The induitry could haVe sustalle th



IIf.4 'Effeat of Drilling Funds

:

To assess the effect of outs:de income from drrlllng funds, the
same exerc4se as outllned in Sectnon lll was carrled out with the

'faddntlon of $160~m|llson annually to |ndustry revenue. ThIS would represente

"elther direct nnVestment or sumply speculatlon fdr the purpose of—Amerncan \“'°
N incore. tax. The $160—m|ll|on/yr. f|gure is the iO year average (1959 1969)

: of such lncome to. the Canadlan 1ndustry from Amerlcan sources as tabulated

"bY Statlsttcs Canada23ru:hf] vx;:ieiff‘:T.Aw‘ | n T

L The effect of thls-addrtnonal :ncemevwas‘tb reddce the‘required

pruce of flsca] scenarlo two to $2 00 to $3 OO/bbl for the $360-mill|on

- per year exp]oratuon level The requared pé%ce of scenarlo three was also.}?r;
'l_reduced to $5 SO/bbl (See Flgure IV 3) _{j?ﬁ ff"}“'”. o L

' “hi Such funds do make stgn:ficant contrlbutnonsvte cohpany.revenues,iérf,i
'hfhoweVer tne lrkel:hood of thelr contlnued availab|lrty [S not hlgh based o

j up0n drscussrons W|thé:ndustry offrcrals._ Changes |n Amer|can tax laws and

B 0.--.,. o
A LU

dfthe lack of sugnufrcant Canadlan dascoverles have caused therr declrne and

d'sappearance. R T TR

SRS 2
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' CHAPTER FOUR ~ = fj o
K .. INDUSTRY FINANCIAL STRUCTURE

¥V.1p Introdﬁctioﬁ _ —_ C ,
e - . , o S o i _
- The prev:ous chapter produced a prOJection of crude—oll prlces’

'necessary to flnance @¥nxous ]evels of exploratton expendxture

Those results were based on two maJor assumptlons : ;;
1) lndustry aggregatlon, and o
2) a sungle source of addatlonal reVenue L Pf;f':‘JJ

-

-The valldnty of those resu]ts and assumptnons as examlned by apglylng a 'f;; =
| [ e
' »snmllar cash flow analysns, as that outltned |n Chapter Three to SpeleICn
oil companies. Imper1a| Orl Ltd Dome Petro]eum Ltd., and Chleftaln o

Deve]opment Ltd. were lnleIdually,anaIYSed These companles were

i consndered representatlve of the three maJo. lndustry groupswor types of

"t. .

~ oil company: y L
,' 1) .an |ntegrated oul compan? (”maJOr“),:
2)} mldd]e s:zed |ndependent produceas, and e
51?;135 Small |ndependent speculatorsr';fﬂ:ffl ‘J g“ G

Y

v‘”hThe followung sectnons descrnbe the cash flows, sensstktIttes of cash flow_*t-x

'-t° varlous f'sca‘ scenar|os, and the source of funds of each of. these Jw'*'“”’”

f_three groups The same analysus formed the basns Q{ the cash'f‘ow model fr;fth

o Ef!. o

h5.pfor the enture Industry presented in the last chapt r. r,,

g REEN

1

Each of these analyses |s based on the annual repor@s of the
.vra;hree companles Thws exercnse was untended to |nd|cate the "mitations ofﬂﬂa

':the results of the prevnous chapter

S e



;Y

V.2 . The Inteqrated 01Z Cbnqugi Do

O

The term 'lntegrated onl company' deSIgnates a company engaged
not on[y ﬁm}exploratlon and productlon but also’in. the reflqing, marketlng
and dlstrlputlon phases of the oil lndustry. These companles can complete
w:thln thelr ownclapabtl;tues and operatnons the whole process, from the
dlscovery of frontler petroleum to the flnal sale of the refnned product
. Such companres (e. g. Exxon,_Shell Gulf Texaco, etc ) are glants not
only. WIthln the onl |ndustry but also of the entire corporate world Thelr :
'actnvntles are global in. nature. They move to- those agéas whose prospects
are not only hlghest in o:l reserve but also i flscal and competltIVe_ f.
'advantage ‘;-ift T:d" h;-;' B '.“t‘:l' l;ﬁffT‘la;;f‘_"?-itf;_ff.;:;;t";;gal
; The effects of crude-oll prlce rncreases areblmbedded wlthrn :f’”“ '
. thelr lntegrated structure, and are. u\tnmately manlfested by the prlcesjfhffa{f,
‘of reFuned oroducts [Crude Ol].lS sold w:thln the organlzatlon. ifﬁéﬂyT..
icrude—oll price is a transfer payment, not an entlty subJect to external
"‘consumer pressure. -Attemptlng to. lnvestlgate the component of crude-onl
”p;prlce in flnal consumer pruces lS a task beyond the scope of thlS work
- Assessrng productlon costs past the reflnery le@el to- specuflc products is ;7;,;
,;ta non~ trlv1al problem for any mvestu‘gator‘.8 ]"{f7fff%?Ti;v f;:?{fff' .

R : D R

Crude-oul supplﬁes\are sumultaneously purchased anjﬂsold WIth

o ‘."1,'1
.'fonly a portlon of the maJors' total SUPP'Y belng actually refi"ed thhln

§Y .

';fthelr own system For the case of lmper;al,pthe levels ol purchases and
: }sales are approxnmately equal 9 The crude oll produced from lts own ‘ f_p:~}

1~1reserves can be lhterpreted elther as a savlng ln external purchas s or

;V;the actual crude S contrtbutlng to crude-oul revenues as clted [n compaﬂY
lb{annuel reports lf external sales and purchases remaln roughly ln equal

;'proport:on an tnterpretatlon of the extent to whsch crude~oll prlce and



internal.production are an actual component to company revenue.and”cash
flow can be made. For Imperial, this interpretation has:validity.'i
'The'proportion of‘direct crudejoii-revenue to'total revenoes from
all operations has ré%ained;constantbbetween 20»per;centfto'30 per centl9
other reve:he being derivedyfrom the sai%.of'petroieum products; natural
gas, petrochemicals and other non- energy related |nvestments ‘ The.comparsr
atively low" proportlon of direct crude o:l revenue to total. revenue marks
the’ strength of the major as lts.revenues'are diversified ’
v
It couid be argued- that crude -oil- price changes w;li cause
corresponding changes |n reflned products, thereby diminishlng the ‘
up05|tive effect of diVersnfication The: s:gnlficance of that diver51f|ca-\
tion, however, is more ciearly demonstrated by the response of Imperial
-in ItS,CaSthIOW pOS|tron, to varlou5'fiscai scenarios lt is the ablllty
of the naJ ro overcome certain flscal condltions that makes |t more ‘._
stabie than smalier non-lntegrated companies in the.entire tndustry.
o The exercuse carrled out to demonstrate such responses Qas to
.'model the cash flows of lmperiai to three separate flscal scenarros, ali
of Whlch have either exlsted as,iaw or have been proposed at some tlme.‘

The flrst of the three scenarlos exlsts as the base case for the remalnlng

“two. The characteristlcs of the baSe case are as foliows

4h;i)‘jexplorat|on expenditure dedictnbie at IOO per cent S A
Z)T-royalties deductlbie from taiabie |ncoge, and ;ﬁav:m_f L

B

.3)ﬂfdep1et|on aiiowanee of 33 per cent of net taxabie |ncome :

. - ! o AN e .“' -t ) .
N o ’ ) : . \

o avaiiabie as a deddgtion.'

The remaining detaiis of the tax formuia are no different from those
. N . ’ oA .
;‘applying to any corporation (capitai cost aliowance,.tax rate of 50 per cent
b i e .
deferred tax: credit usable if avallabie etc, ) The second;scenarlov R J‘

L L R I T SR



kb6

involved havung royaltles (payable to provnncnal governments) belng no

o
longer deductlble. The third |nvolved havi ng both- depletldn allowance

and royalty deductlons unavallable.

' Throughout all three scenarlos, the assumptlon was made that no
reserve of - deferred ~tax crednts accumulated |n prevxous years, to be -
applled against present income, was-avallable.’ The: annual reports

. *

lndlcate the payment of lncome tax snnce the mlddle of the 19505. The:
natural evolutlon of ocl companies is from early exploratlon losses o
(interpretable as future tax savlngs) to productlonjbased proflts ;_-“:
'(interpretahle as.taxablefincome)f "6nly"companles wlthout slgnlflcant :
productlon'income.and_continulng’exploratlon4reMalnjlnhainegatlvextg;;
'_p051t|on | . AEEERR RN

The detalls of the actual cash Flow model are shown in. the t7‘;‘
1ast5h~ in Appendnx V The other reVenues, operatlng expenses, :f *“..

deprecnatlon and exploratlon streams of the cash flow calculat)on were

“correlated to crude oil productnon as prOJected to: 1990 The basns for fﬁ

,-\

the productnon curve was founded on two factorst‘

) lmperlal's share of the total Canaduan production had
‘ : e

" the pernod of l950 to 1972. Thls percentage was assumed
©to remain constant untll 1990, and o SR

Lo ;2)h.The decllne of total Canadlan productlon followed the

%4'l;‘. f prOJeCtlon establlshed by Ryan6 j‘v:ﬁ_ ‘=_'h3.£j’;

JaVeraged lS per cent of the total Canadnan productlon over ;Q

- A]‘ cash flOWS °f a °'| company can ultlmately be related to the L

fundamental natural resource of the |ndustry, crude orl

Flnally, a. certacn portlon (l3 per cent) of lmperlal's productlon _*ﬁ

ls SUbJeCt to royalty payments to freehold lease holders rather than the h:”
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provlnclal government,~hThe_dltference'in royalty rates (hZ.S»per.cent‘

to goyernoent, l6 per centbto freeholders):ls_slgnlflcant.

| The object‘of the exerclse.was:to calculate;the crude‘oll'prlce=-

_at whnch a pOSIthe after- tax cash flow for each flscal scenarlo could o

be malntalned : The ObJeCt was to examnne the sensutlv1ty of the necessary

‘price pver the three ‘scenarios. The results are shown in Flgure IV 1, 2,:3.
On these graphs are plotted the after tax cash flows from 1974

to l98b The form of the curves ls common to each, that |s, a parabollc “

: shape. The Feason for thlS shape is that both capltal and exploratlon .

: expendltures peak w:th'productlon in_the late l9705 causung the greatest

straln on revenue. .One could.arguehthat companles would~not allow them- :71#

selves to reach lowtcash flow pos:tlons and would make the necessary cute ‘l’

o backs or -corrections. ThlS analysus lnvestlgates the response of lncreascng“

crudeA0|l prlce to achueve the same purpose ‘~%;i 'd rf L |
The results showed that the second and“tled scenarlos would

'necessltate prlce |ncreases lf posstlve cash flows were to be malntalned

’The over all prlce change between/the three cases was: only between $2 00

to $2 50/bbl The flrst case showed that at vurtually any prlce (l €.,

$3 00 per barrel and upwards) |mperlal would malntaln a pdsntlve cash

‘f-'o,_w.-w - " ,

. The second case requnred a crude onl prnce of between $3 00 to V_:’f'

jbfsk OO/bbl "The effect of logung the royalty deductlon was.toblncrease ?T:*'/m”

' taxable |ncome.l A prlce of $3 OO/bbl ln scenaruo one for 1977, for example,'_

",meant a $38-m|ll|on per year cash flow.v Wlth scenarlo twol ln l977, the L

Ti:cash flow was ammlnus $l8 mllllon, the only dlfference betng ln flscal f}]ﬁi]

I, condltlons between the two cases.3: |

The thlrd case was the most severe.. Afprlcefoftnearly_$b}56/bblg,;fﬁﬂ
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51
po$|t|ve afterrtax cash flow for each fnscal scenarlo could be malntalned.

"The ObJeCt was to examine the sensutivity of the necessary prlce over the .[ljf;

] hree scenarlos.- The results are shown |n Figure lV I 3

;. B
;

‘ i On these graphs are’ plotted the after tax cash flows from 197b
_:to:l§8ﬁ The form of the curves |s common to each that is a parabollc
’shape.’ Th reason for thls shape is that both capital and exploraklon
‘iexpendltures peak wuth production in the late 70'5 causing the greatest

‘.‘

} strain\Dn revenue One could argue that companies wou not:a!low themselves i

Cto reach low cash flow posrtlons and would make the necessaff, frf'?' s oF

'COTfeCt'OHS Th'S anaiysns nnvestrgates the ﬁesp0nse oﬁ'lnc'ea51ng crude,;ﬂfff

oul pruce to achleve the same purpose. fc"‘

T,four dollars.: The effect of loslng the

.fftaxable |ncome.‘ A price’of threeldo1|ar




,waedneeded to.maintainfa positiVe'cash;fibwip.'
The effect of the latter cases was to penalize the proflt
der|Ved from crude-oul productlon wuthout aFfecting the other downs\ream e

o stages of the 0|I lndustry (reflnlng, marketlng, transportatlon, etc. )
,_Had lmpernal purchased only crude and spent nothlng on ekploratuon, the
esults of the three flscal scenarlos would have been |dentical The fact

f.that lmperual had only 30 per cent of uts total revenue from crude-oil

?irproductuon kept the requ&red prlce at only $5 50/bbl

D|Verslfscatton is one eomponent |n the strength of lmperial{v_%

ltfunancnaI pOSItlon.‘ Another advantage us |ts\access to out5|delfunds'from

*Q;lts Amerlcan parent.f lmperial can’ rely on,the parent o direc funds from

ff?:this actnon. Thrs'finaffresort ofi’rf~f‘!
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peak and now begun a decline. . Though natural‘gas reserves have 1ncreaseq3 .

| -Sales of‘natukal.gas-haye remafned'tonstant The company decusnon to. ->\;'*

) undertake frontler exploratlon is. evndence of thetr pOS|t|ve bellef in: tﬁtfxfj
i I D )

. prospects of the front:er ba5|ns

An analysns of the company s hustor:cal flnancnal pof"'ff:r: =

"Indlcated that thIS |ndependent had always been tn a. negative cash flow

';p05|t|on Thelr own accountlng as shown din thelr annual reports presented ﬂf[
. .t,

"gan OptlmlStlc lnterpretatlon.; ”Cash flow“' by thelr deflnit on;’consusted,%f?f

::only of reVenues mlnus operatung expenses (consumibles, general‘admini~ ff*.~'"

hiexpendltures.: Had these latter |tems beegv ncluded‘ heir cash flow f:;[mﬁ7ﬁe“

-fposutlon would have been negatlve.," Qn5f?*

iﬁjfﬁf@ﬁéﬁé}al}cbn
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r:sks are‘éomblned as is the case wnth psgient front|er exploratlon, _‘1'
The results of cash-flow. prOJectlon followed the general form Lo
'.Of the PfeVlOUS sectuon IV 2 (| €.y greater prcce changes requnred as

. flscal pOllCIeS become unfavorable) The extent of requlred prICE‘i S
‘39

‘,changes were greater for the |ndependent than the maJor, as vnrtually

Vall revenue is frOm petroleum productlon that is subJect to royalty and -

ftax penalty, The offsettlng factor in - |ts favor rema|ned the one. $IOO

) mullnon of - deferred tax credlts.;g}ff’

']S{f:'u: The resu]ts from scenarlo‘three showed that erlces of $12 QO- ~;;
'to $lS OO/bbl were necessary If the |ndependent were to declare a posntlveipt
'after -tax flow throughout the enttre lO years of prOJectlon. Surprcsung o

f behaVlor took place ln the $5 00~to-$9 OO/bbl range (See Flgure lV S)

Ei f thns scenarno.: A prlce of $7 OQ to $8 00/bbl Was worse than $5 00 to :
ﬁ€$6 OO/bbl because of the |ncreased royalty and tax payable at the $7 00-'mttj
fﬁto~$8 OO/bbl and the rapld eltmtnatlon of the deferred tax credlts, whereaseli
' the $5 00 to-$6 OO/bbl. range exhausted the tax credlt less rapldly over ?5l%j

5the entlre l0 year perlod : lt ls not untll the prlce reaches $l0 00/bbl

e

ffd°§5 the lncreased revenue offset the early loss of th"tax credit

l

devastating. Cutbacks ln exploratlon,
\- S

restore some cash flow.af.f ﬂ{.
l.'; ;:. ‘.\ e Q- e

'*\Fj;; The two prevul

rungs of the otl rndustry la der,

i Dk
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capacnty but ‘the faCIlltles for reffnlng and dlstrlbutlon of Wlnal products

oo O
LR

The lndependent reached only the productlon phase Both however, dud hold
.substantxal pctroleum reserves " The small undependent has not yet reached '
' that staget fnitial’ dlscovery or vaunsntlon of petroleum productlon has

not occurred

o o ‘ . L . . 7

ThlS small |ndependent, Chlgftatn Development Ltd , holds the

L]

exploratuon rlghts to varlous areas in- Western Canada and the North Sea of up

-

to 3. 3 mi'llion acres. The productnon of crude onl in 1922 totalled 38

' bbl/day, in 1973 no productnon was reported (see Reference 22) The

o,

company is not in a taxable posntlon.-/Only in- the last two years has
hrevenue surpassed exploratlon expendltures ln l972 and 1973, large
| nssuances of stock were made);ncreasnng the funds avanlable to the
company The use of such funds was |n the purchase of capltal (land

equnpment bunldrngs) and revenue earn!hg assets Add|t|onal loads were v
. : . . - ~~ R k .1 ) '
-.obtarned;- ln prev:ous years bond lssues were used to |ncrease funds;} At ‘ :

"

: that tune the prlmary,use was :n exploratlon rather than ln acqulrlng ‘
.revenue producnng assets The abillty of such a company to sustaln
e .;;" 0/

'exploratuon is weak |n compar:son to the other flrms..'“-f

® f “"».

The effects of any of the three sceharlos would not be much

2o ~ "'0

"-dtfferent snnce the company has yet to exhaust preV|ous tax credlts from 2

‘,:.unsuccessful exploratlon The latter two scenarlos would not penallze

Chleftann, as they maanesq themselves on the productlon pfas;hspéclflcaﬁly

e ThlS small |ndependent has very llttle produclton.ﬁ The effects of thesef“ffd

hyv\fuscal condltuons may be felt |nd|rectlyfas potentlal returns from possuble

-j‘dlscoverues would be reduced ana possrble lnvestors deterred

Thts ondependent wlth llmlted flnanc'al resources has restrlcted

"f_ylts exploratton efforts to mature, comparatuvely low~
”the Western Canada basnn andthe North Sea., Such lndependenté‘are unllkely'to

4 B

rtsk:freas such ‘as
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part|cnpate}|n frontlcr exploration because of the simple lack of adcquate

‘ flnancing

This chapter has described three companies, each representing a

certain class‘&fthin thelCanadian oil'industry: The three shared l»ttle

X

tn common other than an |nterest in dsscoverung and producung onl None
‘could be said to have been totally dependent upon crude oil productlon .
.‘revenue. Elther the company produced reflned products and held alternate E
. revenue earnrng_nnvestmentsfor obtained capltal from external Sources
(borrownng, dr:llung funds, etc )'. The examunatlon of other companles wou ld
'doubt]ess have presented other complrcatlons and devnatlons from a- model

3

'of_an oil company wnth a snngte source of_revehue;

P :

s oo A



: CHAPTER FIVE- .
DEVELOPMENT AND PRICE SENSITIVITY

V. 1 Introductzon

The prevaous chapters examnned the sensnt:vnty of exploratuon to -
lncome- Income was assumed to be nnternally generated from the sale of .
crude’ onl and natural gas W|th thls model of corporate cash flow, explor—;
ation could be related to pruce., Such prlces cannot assnre the.dlscovery of
.-‘oil; but only enable the drllllng of the necessary wells to resolve the ;“T
uncertalnty as to the eX|sten€e.of onl in economlcally sngnlflcant amounts. .

| The character of the O|l—supply prob]em/ls lmmedlately changed

wnth the flrst truly sngnlflcant dlscovery of oil., Supply is then no longer _ih
domnnated by uncertalnty but by the relatlvely determlnlstlc elements, |
ucosts of productlon and well produclb:lutnes.l These factors determune

what prlce :s requured to facnlntate the productton and transportatlon of

the. resources of any onl pool to a market, glven the axlom that hlgh pro— -d‘ _

. .
A

oy

‘duc1b|l|ty translates |nto low prtce..~:i : R7"‘
In any. onl fleld the c0nst|tuent pools wnll have dlfferent

‘producnbllltles (barrels per day, per well), whlle the cost of a glven well . d

and . |ts ancullary gatherlng and transportatlon systems remaln relatlvely

. I _
v constant,_SInce these costs are flxed by the geographlc location of the well-
Aand ltS log|st|cal lmpllcatnons. The productlon of thosd'pools of hlgh pro- |

dUClbllItY oceurs at costs lower than thOSemrequlred for the less productive{; pj

%

f the prlce |s suffnciently hngh all pools will become economlcally

;,.

vrable after whlch no lncrease in productlon |s forthcomlng regardless of

'_-further prnce lncreases._ For a glven oul fleld once the lndlvldual pool

e R
!

' prinCIbllltleS are knOWn or estlmated, a relatlonshlp between avallable
.thr ughput and prlce can be constructed

Establlshung the prnce sensltlvlty for frontler baslns ls ‘;T”"‘u'

v
.

i




6
., complucated by ‘the fact that the Oll pools have yet to.be dlscovered
(presum:ng that they are dlscoverable) It becomes neceisarv to make
' predlctlons about the total reserVe and its dlstrlbutlon, and also
5
assumptuons regardung the magnttude'and.range of produc{billties appllc-,‘:j
able.b B I | o - . | R .
| :Geologlsts éan’providethe'predlctlonS"ofithe most?probableu~:
‘ekpeCted reserve for.a'partlcular basln ' ln turn, a log normal set of -
pOOlS can be hypotheSIzed to constltute thls reserve The prodUCIblllt:es.
can also be assumed to conform to- dustrnbutlons based on the experlence of
‘other fully developed basuns The exerc:se becomes one of generatlng N
~ both the reserve and prOdUC|blllty of a glven pool and calculatlng the
reQU|red price to cover costs of productlon.'.;h“ f:f | o |
The problem is vne of carrylng out‘ld a.probablnstlc sense the'lte
'same cul-ulat.ons done by a petroleum englneer |n a determlnlstlc sense
:The purposes are the same wnth the clrcumstanCes dlfferent (a prlorl versus a
posterlorl) ‘ | e | o ”,.:. R

A model was developed to estlmate prlce sensnttv»ty in the
: . 5 :
MackenZIe Beaufort basnn, UtlllZIﬂg a prObablIStlc approach eventually ;

produclng the sensutlvltv curve

II Mbdél Procedure
Jl Outllned in the followlng Steps - ls the procedure used to )

'*tproduce the sensrtlwcty curve D|5CUSSl0n of the ratlonale for the assump-

&

':tlons made through the. procedure ls deferred untll the next SeCtIOﬂ..f}pfﬂji;IT :

A S N . o

’l A total/prodUC|ble reserve for the basun |s assumed (|n the flrst -
.“case 2 bllllon barrels), alonq wath the number of pools comprlslng thls

..reserve (12)



._ 2} A lOg normally dlstr|buted set of pools lS generated wnth the'.
’cumulatlve reserve for these pools approxumately equal to the assumed
2 preserve establlshed in Step l ( |

A :3:‘ The log normal dlstrlbutlons of pay thlckness (rock volume of the |
.pool le|ded by the area of the pool) and dellverabullty (expressed as’ ?'
: barrels per day per foot of pay thlckness) were constructed from the data
based on’ largest non- reefal pools of Alberta (See reference 3 and 2#)
(See Flgure V l 2 for plots of dlstrlbutlons) | '
o b, A random Aumber was then. generated | Wlth thlS number a:memberi.
of the pay thlckness dlstrlbuinon was selected e
»:-;S; An ldentlcal procedure; anOIV|ng another random'number, selectedfl7g’

‘a member of the SpelelC dellverablllty dlstrlbutlon
6. The product of these two parameters gave the well produclblllty
(ft of pay) x (bbl/day/ft of pay) bbl/day
A7;. Thns produclblllty was a55|gned to the flrst member of the set '*T7

i of onl pools ; *5"t? :f_ -.Tf.l. s:'7';‘f[?, j)'i:idi?

fj8r~ The FGQUIred yearly productlon for each pool determlned by

o

| .leldlng the pool reserve by 20 years
) “Re:qu{l»r;ed "Pr.dd.u‘.cjti.én = Rég'e'-rfve_. ‘(bb'l ):/:2‘0,":-)""'_‘5; R

t’.‘:9; The number of Wells necessary to fulfll the reqU\red productll'vu

l' was. determlned by leldlng requlred productlon by well produclblllty ff;;fie?

Number of Wells bbl/day/(bbl/day/well)

' lO The prlce requured was calculated for the pool accordnng to the

”5follow)ng
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[cap + OP(P/a) TJ % NUM

Price T
o : PROP [P/a] : T XNUM .-. L
,ﬁWherc.Cap / original Capltai‘cost of‘deveiopment‘weii ($2 m|ii|on)
h'”‘OP / 0peratin9 cost, 20% of originai capltai cost per. year -

‘1{.: / EffeCt‘Ve rate °f return (Prlce increase -.infiation) ‘.52 ﬂ.h;i%fi#
o (P/a) / discount factor, converts annutty to present worth e

‘ e
"NUM / number of wells

The procedure from Step h to iO |s repeated but now the second

o pooi IS consldered The other pools, comprising the reserve, were in turn

-i:lconSidered by the same process._.;if;ev;jﬂf'fw'ﬁyp"
R :iZq After determlnlng the 12 prices associated with the 12 e
L L Y
’Ppoois, a reietlonshlp of throughput versus prlce was drawn.

13.‘

f:janother curve of throughPUt versus price- One hundred'

»Vwaere produced See Appendnx V for computerap gr’

III.- E

Dzsaussco of ”h.‘J




The follow1ng'result may}serve as sone forn of Justrflcatron
“ufor that hypothe5|s The dlstrlbutlons of area, pay thackness, porosuty
”f‘and water saturatlon were generated from the same data set.~ | i
[All dlstrlbutlons were der|Ved from data pertannlnp.to the .. A
: REEI sl
,”'largest non= reefal pools found |n the Alberta sedlmentary basln, as ;»f;h:;fff‘”"
'.ostensubly tabulated by the Energy Resodrces Conservatlon Board of Alber\a

See Reference 3 The total number of pools ln thlS set was. 380 ThlS

;l;amounted to the nclusnon of all non reefal pools whosenareal extent was
t.;greater than ho acres. Reefs (a particular structural trap, thCh rn ;ffi';-‘
“f:Alberta conta:nla substantlal portlon (60%) of‘the total onl |n plaee)
.;lwere omrtted as.thelr rnCIUSlon would have caused undue upward blas in
1;the dlStrIbutlonS, partrcularly wath reSpect to pay thlckness The 380 S
'ihpools. from whlch the dlstrlbutlons were dertved, are not exhaust|ve of

n;'all non leelal pools Ln Alberta See Reference 3 thwiabulatlon of data ]=;u;.,t

W|th these dustrtbutlons of the vartous reserVolr parameters,-_;;:_

:_fan estlmate of the onl in place for Alberta 'S non*reeval'Pools wa made.i;t[l e

ufThns was done wnth the follownng routlne [not unllke the prevlously
ih descrlbed procedure of sectlon two ] : ‘ .



",fof the 51gnlf|cant pools of the orlglnal data set )/ 5

"S. The oll in place in the 380 pools was totalled representnng one
'lestlmate lf the cumulatIVe reserve.f The total was rounded to the nearest .tgf;-h
ffzbullnon Lo | ‘ | | ’, , '_ N, ; | dljﬁ
7hsrl§-, StePS l through 5 were-repeated 200 tnmes A plOt of cumulatlve;il

reserve versus frequency of occurrence was produced. (See Flgure V B)IL.._

‘]‘The most freqUent value was the sumulatlon s, estnmate of the actual oll S

rl_lln place found ln non reefal pools in Alberta
| 2 ’ The result was a reserVe of l7 bllllon barrels The actual ;;;;jh)h;
}-7 flgure as reported bY the E. R c. B was also near l7 bnlllon barrels f;heQe:;’.
- Varuance dépended uoon the accountlng\of mlscellaneousfstratlgraphles e
i The‘results showed that lt ls possnble to lndependently sample :}f
| from‘the.reserVOIr parameter dlstrlbutlons, and closely approxlmate the i

'3fftabul**ed ocl ln place flgure The origlnal hypothes»s was not proven or

“ffdisproven by thns result but merely glVen Some empiriCal SUPPO"t

'_~stake place. The only questlon remalnlng»ls;what;
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The opposcte scheme of development would have |nVOIVed

duscoverlng a snngle pool,.flndlng lt was producible at current market

-prlce and bucldlng a transportat1on system. The one pool would not

"llkely contaln suffnc:ent reserve to maqntaln a plpellne for 20 years

i) o

at full cahacuty, in the fa|th that other V|able pools'would be

R

subsequently dnscovered to replace the orlg|nal pool and marntaln full o
:fcapaC|ty ThlS development poltcy has problems lf the subsequent 'tl*l o

'dlscoverles are not forthcomtng. The conceptlon of thlS model requures
K f L . . .
exploratlon up to the ponnt where reserves are proven to JUStlfy the .»"

".étpellne oVer a sngnlflcant perlod of tlme - 20 years. ny“tp,;ﬂf}*
. lf supply lS not. possnble 1t would be because market prlces
_1were not adequate, rather than a thSIcal lnsuffIClency The error of.“ Tff{
'lacknng suff|CIent reserve/uould.be avolded | e ; |
'E:bll The other assumptlons applled to the.model development'were“
:.fffl : The prodbclonllty“ealculated by the multlpllcation of the ?ﬁﬂff;;'hih

:reservour oarameters was assumed to remann constantwthroughout the entf;e S

jP"OdUCt\on llfe of the pool This would reqUIre a natura} water drtve Orfffﬁf

s 1
;slmllar mechanlsm. Other schemes lnvolVIng a decllne of>productaon W'th;f

_of most pools i The-results followung from the constant dellvery
:"assumptlon wnll represent the most opt|m|st1c of all pOSSlb]eifT
jchouce of productlon schedules |

ﬂf'uv

'1"



loglstlcal constralnts as to‘the ablllty of the lndustry»to accompl|shb
the constructlon °fc59ff‘9’¢nt wells, Such log|st]ca| constraunts c0uld
| Sl' The capltal costvof each well} gatherlng‘system and other,neces—'n '

sary equipment was set at’ $2 mllllon. Thls fugure was based upon-:

25

publrshed data for the Beaufort Mackenz:e bas:n Operatnng expenses

_assoc1ated wnth these capltal lnvestments were at 20 per cent of the o
1“or|gtnal Capltal cost, based upon the hlstorlcal relatlon between/capntal

. ,au

| and- operatzng cost in. the development phase (Reference l6)
o ‘AfG | The assumed productlon lufe of the pools‘was 20 YeaFS. baSPd ;1fﬁ'd
prnmarlly upon orevnous plpelnne calculatlons.: The sensit|V|fy of.the l::*fl”
' calculated prlce to prOdUClbllltY‘OVer uarlous productlon llves was not
>'5lgnlfncant ‘ See anure V h , Between the 20 and ho-year‘;fdf:‘
';illfetumes the curves’ were vnrtually co:ncndent.aifv;[ftféiziff/&’f_ui;ffhjlife
:”:flTI The frnal'number of lteratlons (or curves of throughput uersus

»fiprnce) for each reserve level was llmlted to IOO The llmut of

j:lOO was due to computer avallablllty and cost.g See Apbendlx c for

AT

; fcompugerflrstlng,of thls_pfocedure;»flq*m'“

EIN

IV Results

3f:g|ven prlce w;_lcalculated A Set of lOO avallable tthUQhPUtS
f‘fwas generated The throughput wath the greatest frequency:was

i;preted as betng the most plobable for the pa;,
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&

the 2-billion-bbl. reserve, the extra prlce is lnSlgnuflcant as the

price ig already at»the $20.00/bb1, level compared to- the current
Canadnan market prlce of $6. 50/bbl _ L l N | S

The plpellne cost effect on the other cases is not crltlcal as .

addutnonal reserves -exist beyond the mlnlmum of the 2- bllllon bbl leVel.

-

fThe addltlonal reserve allows greater throughput, thereby reducnng the
- )

""per barrel” cost of transportatlon

ding the 2-bilTion-bbl.
’elled upon.to provrde .

Debate centres onithe llkellhood‘of fi

\

or 20~ bllllon bbl. . reserve. Geologists have béen

‘ predlctlons as to- petroleum potentnal of Canada s f.ontier bassns.ﬂ Thelr ;Ef

/

estlmates were or:glnally optumlstlc as ev:denced b\ the 1970 C. P. A

‘;predlctlons. oF eVen €. S P.G. estlmates, in. the E M.R. 1973 repOrtlo

The tack of’ sngnuflcant 0|l d15cover1es to date causes downward revnsnon '

of thara ortlmlstlc, orlglnal estlmates Each exploratory fallure brings

the pOSSlbrllty and lneVltabI]lty of hngher—prlced oul an unavoidable

'l» . o . ok

A

v

eventuallty. .
' It should be appreclated that the results of this chapter are

based on- assumptlons whlch are hlghly favorable to the reallzatlon of

Arctlc productlon. The development costs shown ln Figure V 5 represent 'v-‘?
a lower bound on the range of p055|btlltles.d If ls sxgnlflcant that e

._ the costs oﬁ deVelopment in thls lower bound case would stnll rlse to
g ¢

$20 00/bbl lf the total reserve IS not sngnlfncantly hlgher than the i;#;

ey T

threshold VOIUme, . ' .’-*‘f‘d' t‘_.Arﬁ:“ ;;}4.

T oL
—3 o
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;Conclusions' :

J o Pr|Ce lncreases above $3 00/bbl would be nequnred if SuffICIent self~ '

generated lncome is to be made avallable to flnance the levels of

exploratlon requlred and |f tradltlonal tax laws pertalnlng to oll and:

|

i

as producers are altered

f the, tax laws, in effect prlor to the fall 197h,hfederaltbuddet,"'

* weare not altered, $3 00/bbl as a company share of'thefposted prlce;;
wo 1d facnlltate an- exploratlon expendlture of approxnmately - ld
$h00 million per year The level of expendlture would be sufficlent':
to determine concluslvely the Oll potentlal of the Canadlan frontter.t"

3. .lf the dellverabilltie? encountered tn the pools of Alberta are:

applrca_le to the: pOSSIble dlscoverles nn the Mackenzle Beaufort ;_:

bastn, s gnlflcant prlce lncreases would be requlred

}_For an ultlmate reserve of 2 blllion barrels (equlvalent to :

he threshold reserve) development costs are estimated to };v‘

: at least $20 OOO/bbl ‘I'ff;]i:ali._,{»fﬂgflf;'fof 1P'v‘f“

.ll)"lf\;he ultnmate reserve lres betweeﬁ the lO bllllon bbl. and L
| i11ion- bbl. level deve]opment cost of between $2 00 to |
$ll xo/bbl ‘are’ antlcnpated Q L

b, If pools are to be economlc from frontler locatlons, they must contaln ?f

< .
Lo

hot only sufflclent reserVes but also hlgh producibllltles.,ji'nl“

:5 The avallable market prlce for potent;al crude oll reserves has only

e 4
g_ i

% A minor effect on thelr dnscoVery




.’_lmprOVement in data base of the |ndustry cash flow, as presented ln 3

“to frontler exploratlon would permlt the modlflcatlon of the declslon

.Recommendations

. The lncome tax effects on the flnanclng of development “and exploratory

wells should be lnvestlgated Thls would lndlcate any effeti which
A i .

o

'reductlon in the cost of wells would have on development costsdof

. frontier oil.

Greater specification of‘prospects.as to ‘their: =~ - . U

1) locatlon{-onshoreéoffshore o

bo2) depth d’

-3) type of trap (fault, reef syncllng strat, etc )

¥

This speC|f|cat|on would allow the dec1510n analysus of Chapter Two to f'"

be done on a stratlfled basns.» Thls would posslbly accelerate the --'“

reassessment process- |t also allows for greater spec&{lcuty as to-

f_cost and consnderatuon of l09|stlcal constralnts.;._fk

’

| Chapter Four from C P. A publlcat|0n, would allow for almore slgnlflcant
lnterpretat|on of the role of crude 0ll prlce ‘on’ lhcome.u.:;ff;lfggiplbﬂf‘

The nncorporatnon of varlous osl company utlllty functlons as applled -:f

. x

‘ .

'"analyS|s of Chapter Two Thas would allow for the Chapter Two modyl

-fto approxlmate more closely the actual corporate declslon process.)

f_/f_
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-Appendix'A Threshold Reserve Determznatzon ‘f,)t]

. Durlng the development of the decesuon ana}yscs presented rn
. . Ve : -
_Chapter Two an estnmate of the reserve necessary to just:fy the construc- e

t1on and operatnon of a plpellne was requlred The ffbure of 2 bllllon ',‘;

‘.

barrels of recoverable |15erve was used ;_fj’]ﬁf‘ “:5 , E,n'fi"ﬂ"""

S e R
]

' This appendlx wi]l outlnne mhe procedure used to derlve'that f@h{w

@4

*~threshold estlmaxe Geherally, th|5 procedure lnvolved generating a

;curve of co#baned cost, operatlng and capitah (S}bbl ) for'*7"

'._varlous slzed ptpellnes from two feet to four feet !n diamete

PN

ﬂ73head prlce was calculated Wellhead pricevrs:theh ifference between the .ff

$6 SO/bbl . j

The returﬁ to the{

._prlce, xcludlng productnon and royalty costs._h;h.ﬁ_

‘jfcovertng 1738 mrles,‘ps selecte’f}f ﬂfffvff\j
o IO :
»uuxthe oll were R

";zdiéﬁfﬁax temd“ |

“n;i;TfMln temp

| 7{;§{th15cosrty

,,,,,,,

"7*]fff~5;*bPumP diséhafge



. The: veloctty chosen for thq plpellne was f:ve feet/sed,dsrandard
;lndustrtal practnce. A standard pnpellne calculatton followed usidg these‘
vphy51cal parameters'and specificatcons. The number of pumps.insulation flt;?
 :costs and materiais costs were calculated (see listing in Appendlx V) |
;Varlous other capntal |tems were a]so 1ncluded (roads surveylng, trans-%?};.i

_portatuon of eqU|pment land constructnon dutles, etc.) All cost.data

. terebased on the unpubllshed work of Chen and far‘s.'”' ;F“;t




? assumed to be full OVer 20 years »and the reservebneCeseary to ‘
.mauntern such thﬁoughput As the m|n|mum case. a ptpellne S|ze for whlch
~vthe wellhead prlce is. zero was roughly the two foot size., (This trans-th”;h
: htates to @ requured reserve of approxzmately 2 bnlllon barrels (see 8
gngigure Il 5) ) The mnnxmum reserve to merely support the Iaying of a“-“
_ : e

“pipeline. system is. roughly 2 bitiion barrels. “This does ot allow for -

/

' 5any costs of productlon or exp]oratlon or government (royalty or taﬁes)

The only known publlshed estrmates for threshold reserves”are A
“{Lthose found in the Novemben 197h NEB report.. See Table “ﬁ; The numerf
;{;rcal average of these estnmates is practncally 2 billion barrels, glving

”fexcellent agreement wuth the estsmate deteloped in thls work"lvb



- Appendzx II Success Ratto Reaseessment by Use
- : p' af the Beta Dmsircbutcon
> ‘ J ' " I INTRODUCTION , .
L S Durtng the process of explorlng for oil ln a vlrgln basln,«
| partlcular explorer s wllllngness to contlnue thls exploration ln splte f;,)fp
| of drllllng fallures'can be eValuated by comparlng hls expectatlon of .
g the basln 0|l potentlal to a threshold reserve requlrement Hls concepe3§;fl:f

t:on Of the bas'" reserve Wi" ‘09‘53“Y be reduced bY drilling fallure.iff S

ln Chapter Two, thls reassessment of expected reserve took L?.Aii{f

i

place by the ellmlnatlon of the largest-slzed structures from GOnsldera-
tuon once they had been drllled and found to be non oil bearingf__,._

V°‘“"‘e °f P‘”F'““‘- ol l'bearing rock was. reduced by each tlrilllng fallure,

,'/ ....

' success or fallure.‘ The qUestlon o thl



e g

:;a*,f_;f:i:ir>£83;-_{

4 3

The purpose of |nvest|gating the “beta" analysus was to

determlne any sensutqvity between acceptrng an |nvar|ant or a sequent|ally e

-,s,

révnsed success ratlo on: the statlsttc, crltlcal failure.. [Critical

fallure beung the number of unsuccessful wells drllled before one s

- expectatlons are be1ow the threshold reserve T

Thrs analysus |s presentéd |n the follownng sections. preceded

by some theoretlcal revnew of the beta d strlbution;'?ﬁ*Vﬁ

>;( ) Theory

, where l) n = number of trials



/‘,-,

i_’k»'v_he.re fB |s a beta dtstrtbutlon with parameters a and 8

Assume a prnor assessment of this dtstributlon‘ to be

‘a.

then the postertor dlstrlbution O‘f the parameter, Y.

oy

f(YIa,B) f(ylu +r,a +m-r)

_‘.;'"""’,‘. (a + B + m)! ug-Fr i 85+m- P
| . (u * r)rin S m -'r)! AE (‘.Y) o 8-3-8

_ . T R
The mean of the beta disti‘ibution ts

' : a+r+l
a+l
E(Yh’t"ﬁ)'}'oc+6+2 8 +m-r

. '14."
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@(Ses Reference 8,9).
S e ' A o B - R

Section ll h dlscussed the signifucance of the success ratio

reassessment method as an expresslon of the entreprene%‘ s bellef in

e prlor ei&lmates of resource potential The selection of apprOprIate

I ‘, . r_..

o beta d|str|but|on parameters can represent these beluefs._ On Fig. B-l.

;l the plot of the beta dlstrsbutlon density versus the random varlable,nsh

'(

Y or suacess ratio has been made for several values of u and B The tﬁ

degree of the splked ness for Increaslng valdes of alpha and beta\is a

- R
Nl

measure of magnltude of revusnons to expect.‘ The sharp tall spikes s:f\._a;g;

A‘"'."

0 a-ko) lead to gradual revISIOns whereas, the flatter curves

. r_§a=10) cause relattvely rapld changJL tn the orlglnal estimatef

With the use qf Equatuon Ill 3 A and Equation lll h a re !=e

estimate OF the SUCCQSS ratio can be Calculate‘f3 The magnitude of the i”i?hn

4, A

::thfrly” yo= o 25,

;31Revused succeés rat:o e

iiNumber of trials “fsf"”




200

50f

o




Sl ..3 mwmzﬁi zo_sm_ﬁwa <5m N..m wxaz

-

o

Q.

<xmq<

Y

v wae

w“ ) .. -
. - T > 43: “
.r. - . . o - . - i e
. - N .. . S . W ; 3
a - " A ! w
| t { 1 { z 1 : 1 { : .
-~ g .



R - AS,Z&, B

v

. The a and B8 then characterize the degree of belief in a
particular suvecess ratio, rapid pEssimism versus stubborp obtimism; R )
. ) . \ X - . ‘ ‘ 5 .

case two ap?rOXImated_the invarijant success ratio.

i
" . . ot

The effect of the chonée of the par%netersg o and B, on the

critical fallure is shown in Flgure_B-ll Usung Labr%ﬂor Basin - prospects
; w ! | i ;. i

with an.initial suicces$ ratio of O.ES},Lhe critical failure wﬁs o
g S L L S S
determined identically to the procedure outlined in Chapter-Two except
< . Lt . .

’ ’ ) 0. ‘ . . .‘ ‘- [ - - Co ‘- . : 'A’ ) -
after each drilling fawlure a.reyision in the success ratio took’place,

accordlng to the parameters a and»ﬁ

L . . . ’ .-

For o and 8 equalllng one. and ]o respectlvely, the cruttcal
b .

failure was 60. Wlth o and B equal]ung 100 and 1,000, the .

_crifical faiTufe, 192. The degree of prlor bellef was cfucual to the f|nal

Y
[

value of the-critical farlure.
The dlffer%nce between ﬁn Invartant success ratlo and a’

’.beta dustr|but|on revnsed succeSs ratno, was dependent on the chonce

8

of “the parameters a.and_B.

¥ |
The purpOse of this appendlx was to compare the dlfference

.

'between an. |nvarlaﬁt and revnsed success Fatio on the crntlcal fallure The.

crucaal decus:on became that of choosung approprlate(be dvstrlbutlon parameters

K4

The followung procedure was used to dﬂ%ermlne basrs for select-I

ing a part|cu1ar a and B, . ;"_ , : ,li;fh

1) A range for the value of the success ratto was chosen 0. 2 < y < 0 3,
N \],. )
representlng a total devlat|on of hO% from a meduan value of 0 2?‘

- .

' for-success rat;o..' T »54 T



)
was integrated:

*

2) With 0.2 and 0.3 as limits, .the beta distfibufion
: : o /

A 0.3 | . .

' - | o RN _ .\B
R e TR
- 0.2 ' N .
o - L o ] e
The value of this integral was the probability qf-y lying between

0.2 and 0.37
3) The pérémeters (a, B) Weré adjusted, but Y‘aiways.equallingAO;ZB, and
the valie fhe!éboyé,jntegral evaluted.. The rasultsiage'ého@n in .
. . , . ) : ' - . ) +

Table 11-1.
TABLE'B*I:
"BETA PROBABILITY DISTRIBUTION SENSITIVITY.

o . Value of integral - -
Ta o probability. -

| 2  J ;"{f"  o : ii, 'b;06.:;‘_
20 .&!, L | o ?_._',°{-'9{2§-.‘ i o
'y -,:7“1[§ o

e
o

-~

.jo  f . 'v;; o .?;,_‘ ,; :7:_>io£35f ;;;;;:.ﬂfA;-

NI
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.20 per cent that the actual value of the success Iratio would be oD

r

within the accepted .2 to .3 range..

. : » : : C e
_From Tablenll-l, if a degree of :;Bfidence of only 30 per ,
cent wer@ﬁ}° be asserted in prior. beliefs} the bEta‘dEStribution requires an
R o . A \ 2
a'of-80 and B of 200; From Flgure Fh=1, havnng dlstrlbut;on parameters at these

Atyplcal values (B > 200 for a Y of 0 25) the success: ratlo would be AR ‘: .
._effecttvely |nvar|ant to drlllqng faiIUre The assumptton |s°made that a ..

"tYPlcal explorer wou]d clatm at least 30 per cent conf!dence in. hns "] 1 ‘\}f‘.ff,

o ®

prior estimate of the success rat;o based upon his avallable geologrc -

experttse o T R '1. 7 f‘r,¢_“

[The f|na] questnon is that of the sensntivuty of crltical failure to
7~ L
actual vaIUe of the success rat:L Flgure B- 1 demonstrates the variance.

in the statistnc, crltncal fa|lure, to success ratios between 0 I, and 0. LS

(Thns range was’/hat found in publlshed estimates of success ra;ro ) <f | z%(' -

[ «

(References 16,25). As a's ranged from MO to IOO the three estimates :ftf N ;:'qg

of crtttca] fa|lure remalned w|th|n ID per cent of one another ]

RPN

A “In summary, usnng a success ratlo revnsed by usnng the beta

» '-")

dustrnbutlon -and acceptlng a: m|ntmum of 30 ¢er cent nfidence-in-a-;e.f‘rf,;u~ e

. l

' prIOFI estlmates, the crltlca] falture was~ﬁdt 5|gn|f|cantly different

1|n: fallure

from |n|t|ally assuming an |nvar|ant success ratto to dr

v
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Appendim5C.- T%é Case of Declinihg
Recovery ﬂhth Praductzon ‘ ,
e . . ’ \/ ."
ST The follownng |s»an attempt to descrlbe the productton from a
Y

glven poo] w:th a decllne rate proportlonal to remalnlng reserVe

N In genera], the;ﬁﬁservo;r pressure P, is. a un|que functlon oF
. SR o S

N e . . - . . . : “ . to
e o Y o A
R i ‘ S . .

the cumulat:ve4produgtlon.\

e

.

N pop - (R TocPt cumalative production’ -
“\f.CP = 0; then + P=P . P - reservdir pressure: ..
R ) V.(» L o L o

If CP= U, then P = 0, and |

“a,n - decline parameters”

dep. V R .

Combining ?qﬁati°h_‘l?*sfahdfrlr~h:éhdeéParatihé_Vériésleé,*‘;itﬂ,77€-5't

o e d B R DR WIS




- : . N ‘,. §
Deflne,..i -t e _

. . o ‘w., - = dg =., jdt : / | - ‘. Q c-a
U I SR E

’

There ts no general énalyticai form for this lntegral
\éroportlonal to,cqmu]atlve" V:

Assume pressuve declrne dlrectly

~production i.p.; o "(‘.;r" L 1'.f'-f.f' v

“ .Integrate

| f - ~In (1 -'e) - rgt O R

IS

e

T T e ' ' '
At t = t , where t t's the t(me at Whlch decllne beguns,
]

E =’ ; , the CUmulatlve production at commencement of dec]‘ye,

e S

‘.EjSuﬁgtLtEtingifj

]
—
3
—
- '|'A_ - .‘
e
+

" ."‘.— - ,o ‘v;,‘.“ P
e e

,'.. N . w

. ‘ :-(| --z;) (1 g )exp(-—-— (t '-'r«)) RPN el § B
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pThe'bbundary conditions are checked: , S . Co
A \

\.'«-] —_‘ : .CP '/ Ve \ .RR ». . >~‘Al tos
R .

oo RR:'tRR*.“' ke ‘ < .
. . '.__‘-;. — exp (-U._o (t'-" T’E))i. . Do : i ’ T C_lz
o e - U ) T R ) AR o
- L ‘.* ) Y . l', ) . . \ . . %
where RR is: the remaining.reserve at t = 1 .

BBR L RRY T e (o (5 o a1y
T RB b exp gy (o))

- w b . L N S, @ . . . )
T o= O,-—:9-='Dbl‘snitra]_deltveryt.:_‘_ ERERTES S

| DS}
o0 b

Ll

~ . o The economlc\fonsequence of such a dellvery scheme is to

lilncrease the number of wel]s ober tlme tognaqntaln a deslsed productlon

o ; S /. S : '\\p ; ’r o :
‘ rate. S ;JI: R ;_\,,» | 7C ,:_;;” R i-&..;j,'--‘ _

ln the determunatlon of development CBst, presented in Chapter

- F|Ve annual productton was assumed constant throughout the producing 1lfeﬁﬂ

a(

Toaoe”

' _f‘of pool,. The productcd\xschdule as shown |n Eqratloq lll 9, would

"replace the constant produca lllty assunptlon._ lf the valge of (D /U ) zs;ﬁ

’ﬂ.suffncnently low, e {(——J < 0 01}, the dqfference in thg flnal

r T )

ihgdavelopment cost is not sugnlflcant S s
Usnng a (D /U ) 0 Ol, the comparnson O:Efejfvﬁfébfilfiéétiﬁif

Coee

N

e

S



. . . . :
l ’ ' - c e
o' . » .
. ) . .

!

shown in Table C-1. . L

TABLE c-1.

COMPARISON OF DELIVERABILITY SCHEDULES _i

YEMR o CONSTANT DEL ) ©

T o 97
= o 961

3

g

EQUATlON lll g\

o,

St ' e 3& ‘ R
.o AR - o kY . -' ) " ‘)‘1« ‘

g The., tOtal» tf assumung constant deiyverabmty mstead of a declinmg‘,;__ SR

dellvary. lS less than 10 per Cgﬂt, : e v
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approac was strn%tly numerical _19

~

| Apﬁendix D. Analyttcal Det rmznatton of Crsttcal Fazlure ) .“A-_l.

\
o The Ongcélve of Monte Carlo 5|mulat|on of explorat|on presented

'|n ¢ pter on was to det\rmlne the crltrcal fallure.. The critlcal

Y ure was the number of fallures an exp]orer would tolgﬁgte before h'S

i

reserve expectatlons were below the threshold level The swmulatzon’
e T S

In analytrcal q@proa o the same problem is presentep |n thts

A

appendix. lnstead eéyassumlng a success ratlofand samplung the ]ognormal

¥

' prospect dlstr|but|on numerlcally, as a fnrst approximatlon, |n an analytncalk

approach we. assumed that all prospects are potentlally oil beartng The alm”ﬁ

W|ll be to express a grven reserve R(_), as a functlon P .y number of pooli..u.
s [Note the attempt to solve for the real situatien of some

prOSpects belng not 011 bearlng proved to be mathematlca}‘y intractable ]

. o




; | N
Assume the cumu]ative,otl'reServe |s

.

y7
i
r/_ﬁT

A

x'_ BP

drllllng failures)

-aR "\aR 1 -

Yoo P a';?(ap.o L
s x e~ T

o ———— il '»-(ln x -'ln 5) /zTZ &

" In alternate form,

: f (_) -*—.‘--.f(x)

T

‘~"The objective is to expfess R(x) as a function of4P,.

—(ln~x - In. 5)2/ 272 & dx'

'  - . »D*‘]V
L / .
f -(]n X - ]n E)Z/ZTZ dx T

. X . A

s esse"t'ally the slope of a curve of reserve versus poo]s (or

g2y

: .o’__..‘ -

cand N

@,

repfeéentqﬂ by

o

T AR TRt

96



) . - \ . S
&r‘serve of,sige R(;),_how’many pools mustube.z7und?

." v oo

Ly v. f P o= N J !'“(ln X - ln E) /ZTZ dx.

o /—TTT - . X a |

. N Il - \ ’ nv_" . : 2 | ’ .“4‘

A

~

By‘sybstitutihg vartables;_‘ A A

. »i_;'. 'AQ ln X - ln £ f.‘“

/"T S o j:{;>§” '  ¥pf3.7.

. Differentiéte (0-7);¥; IR i AT

VTTdus=dlnx

A -‘L:/Z—'-TJ e du e or |

,ﬁ".T-

A e .N._.Je 2o

c
"

AV

. i

DR S

Thns expansuon is app]lcab]e for sufj)cuently large x 'Tékfﬁgfpﬁélg;f{“nllﬁr:\v

RO

logarlthm of 0“9,::. e “‘,

@, R

~




E f\- N
K S

is approximately equal to:

‘ . ’ | 0’— » .
“In Po +-Jn.[%f£]g+-lh.? +‘Eif"olﬂﬁf

~In general, <<. uz, |f Ul

or -

Coand T
or

D13

' /SnHZWchfthebaSSUﬁptibn$;i, fLL-i‘; f'lzhuiﬂ,”
o i-vf'-———————* Sing
Lo '/‘T

o
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Now,quuatﬁQn

Ty

§

*

BP .
o

. Trerefore, -

.+ dP
o

. By. substituting

Al

=|&

— e EZ, __..__.....—

! sepagrajt.fns-véf‘;asmes:.-: &

2w

_._..dR._

il

Yot

'F’

[

 Therefore, 7~

' '4‘.uv-;

"; Y;Jﬁ1¢; o

cinfand g =&

‘kA =In ﬂi N

p-18 is differentiated.

% ;fﬁf'

Let~

Y

99
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By differentiating D-20,

-

.

A\

SR
p=e . (-2u du)
&: .

« v

Back substituting D-Zf‘into D-18,

Substltutung Equatton 0123 lnto Equatlon D~ 2J/ L 7ff=_‘a v‘fﬂ~-}4:£~’,*f; g

-,.
e

e ’"}i; K / '*(?R\ ede e Bls . ey

¢

2.

Completing thévsquare of the exponent,

n

-u2[+ Au:’ ‘(QZ - Au’+

. A 2

R f 70t

N’z

(u -1—

. Deffning thg‘giméfifyfn

Back Eﬁbstltute Equatlon D-25, D-26 |ngp Equatloh - Zh lggtgéifj;;i[gf{fgnﬁ

.» 5.

LN e

;inéegggtingfbo;h.s}qgs;pf,o-z7;'_ﬁjQ;f'

R B (I CRAe,

% ‘ o R 3
r)""u— LI = o . AT

S P

-2y du) or A"

..\\3 w,.:

G L pa22

o

A

Lo

L S e T

/a_«» T

o comstant, 81

By dlfferentlatlng D-ZB, 8 = dd

L .

T iy "'v’;v
o

Nl v, I

2



-\ m.-z ) o _2‘ . N )
. | J e f BdB=J_—,A_e'B d(8?) =

as [%-%jf i] =’[

g

-

. \ ¢ . N ‘
Integrating the first term of R.M.S. of p*28,
-2

*B

[ W
Voo

By integrating the‘second term of L.M.S. of D-28, - .

by the assympt&tic expansion:§SSumptions.(see Kreyzig)-.

)

Equatioﬁ'DPZB_reduces to:r .

Back substitute B u - %-into‘D-29,

(R(x)) _ = (u - A/z)z'i;-Az/l_«' o
FéTéX)) =e oo ® .{u ﬁqA/EI' <

\

: A.‘ oy
——+t 0
b (u -'%J_ e T

+

B

Batk éubstitUte iﬁto‘ﬁ!'qvﬁhffln g, .

CaRE)

N &

oF

S, =ﬂ éA"/-'.in.‘%‘g_ Yary 2

B rf,_%#?_/;\,ﬁg ;then-

u (\/Eg}f el

Amg =)

101
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ﬂR(j Y'\n /I . o e - ;'~
NE ‘ : -y o ,ij 32

‘Back substituting in terms of.l; from @, [ (

1)

=
I

»

kool
n

o -. .
R(x) = 26 P e'./—T In ﬁ_&o

. I
Lo
Lt .

‘.This'development was based on tWOnma§Or assumptions:“,"

I)' all drullnng attempts. were. successesand,  ,

-

- 2) only the very Iarge poq’;,ef the entlre p0pulat|on were:;.f

o
PleoL oo

dtscovered

There condltlons were |mposed to make the mathematlcs tractable. “Neftﬁef"xih

- )

'assumptlon is partncularly reallstnc Attempts to :ntroduce the consnd-':
. »ll 'J . .
_eratton of success “or fauLure |nto the exercuse made lt |mp055|ble ln

o

.terms of an analytnc solutton.

€




Contain d ™

. .

procedures referred to. |n Chapter l through 5 \\The programs hav

3

APPENDIX F |

Computer Lzstzngs

! lOi

T

the follow1ng pages are llsttngs of routines and

‘loeen f-‘

given tltles and aqe arranged in order of appearence in the text..m

*”

i ) *

 TABLE E-1

t

DESCRIPTION,

[3

This program constructs thelr : |

o re?’ s
versus reserve expectiE} o

curve of’ drilling f3 lu

'S

, rThls program constructs' the ,
‘curve of required crude oil -

.price versus exploration’

CTITLE | " CHAPTER
l.‘Exploration 5\ ‘ _ 2
. semsitivity Y ¥ A
b o »‘\\..; R '
2. Cash Flow ¢ 3
. Sensitivity <:;;2 '
3.. Imperial 0il ]
v Sensitivity . L
u/ o o o
4. Dome Sen51t|V|ty , 41? S 3
Loop ‘ _ | 0 o
SN =
5. Reserve G?&eratson o pS X
- toop - R ARRES
fﬂé.'Prlce Senstthuty o R
'L00p o S e ;
T | ".]¥ ®
._7,,A\berta Reserve L - 5.
o Estlmate A S

intensity for the Canadian -
petroleum producnng anL teyd

-.Thls program demonstrates the
-"Sensltnvuty of |mperlal 0||
oo Ltd.

‘scenarnos

“to certain flscal

c This program demonstrates the
" sensitivity of Dome Petro=. .-~
© leum Ltd, to certaan fuscal B
,;'scenaraos..jv E

_ fThls foutine’ constructs a

..~ reserve of log- normally -
“. distributed oil pools.and

-orders them accordlng to snze. P

-~ -

' Thns routlne demonstrates the
“relationship. ‘between’ develop--f*
“ment costs and available '
~production for. Mckenzre-'i" o

“if’J7ufort reserves. SRR

S This program estlmates ;;;
,Alberta s pon- reeful |nit|al
‘oil in-place reserve. by‘a

"_'_Monte Carlo érmulat(om '

I
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!
Y

! . ) .
8. Pipeline Calculation - : » A
' curve of pipeline cost versus

_AppendEXVA X Thf54program éonsfruété:the '~<
o ' pipeling diameter.

;’ ,

/ .

L

ose
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~ExPLnRATInN SENSITIVITY,‘

T C "THIS

REAL
REAL.
© JREAL

REAL
- REAL
" REAL
REAL
. REAL

: nIMFNSIﬂN 0IL(300)
NDIMENSION PSDIL(300),OILMX(300).

- DIMENSTION TOIL{407), AV(40)
" DIMFNSION ETA(BOO),ABERR(BOO)
”EFINE FILE '1(280,8,U, IDISK)

"READ

READ

L=1
'§TEP

IAEAM=

CETAL

FTAMN=-0, 5+((N/2 0)/(NM+1, 0)) S
. “(LMFAN(L)~LGMIN)/(ETAHN ETA(I))‘
A=LGMIN=(B*ETA (L)) = =" :
NO100 I=lske o SRR
FTA(I)-(I/(N+1 O)*O 5)' e

L1L06G(

11007 CONT

SSUM=0350.

QTRUCTURESv

SL6TAT=41.0/2. 303)*ALn9410T) }"f.u_*jff? S

PRDGRAM INITIALLY CONSTR

gcﬁs 5 SET. OF TWO. Hnwnaen o
LOG-NORMALLY | DIﬁT R

]RUTED

N
MEAN
LGTAT

CMIN
LGMIN -
ND(40)
LMEAN(300) PR
LOG(300) R

. <.'),‘, |
(111)TAT N, MIR M,IX B T e
(1'2% STEP LGTQT NEAN IREC,NUMT” R :

0.1

b4

TOT/N

UMEAN(L) =(1. 0/2g303;WALnG(MFAmy;;ff T
f;'GMIN (1. 0/2 303)*ALﬂG(MIN) L ST

l)--O 5+(1 0/(N+1 0))

I)-A+B*ETA(I)
ImuE; oo

V<Dn'20071—i;M’ =

o zoo - CONT

o 4)

”»6b73
45 -

TE(L-
k=L

TRUMEL0, 0%

E G  |=L+i e T
LMFAN(L)—LMEAN(K) STFP
GO T 80

RI\}_L

(LOG(I))+SUM
INUE:

TOL 1 000()000 0 o . . ) {"‘-"’I s : :“ / Co 'A
FRRAR=TOT=SUN ';' R I g R
“ABERR(L)=ABS(ERRORY . el T
TR (ABERR(LY%TDL )40, 40 60 ST “r- R L r SR
“RITE(I'B) ABERR(L) LMEAN(L)nA R e
GO TO 1107 R

-1)45, 45 55 "“ff}-f;

ABERR(K)-ABER&(L)
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'65;

75
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FXPLﬂRATIﬂN SENSITIVITY ,,}ICONI-nI

IF(BILL=0. 0)75 651 65 e
K=t . SRR ' TN
L=L+1 e

EIMEAN(L)—LMEAN(K) STEP

GO TO 8D

STEPSSTEP/10.0 . 7

- K=L-2

.@_hﬂ 700 K=l Inum_r,.;g;_ R RN
. CALL SWITHAISWT) B

v' RS
et YF% s T
S TR LYFRLG: suanf14 15 15 ,_,_,,;I
B U S

15
SRR TA

ez

oo
S IXETY. . T A
PSOTL(LY nILIK) e

a0
EOQ,

KOL=20" "'v-f':.:fﬁﬁf*.l=7?’

ROT=10.0
‘SR= TOP/BOT

’,no 900 M=l KOL

'TOIL(M)-O 0. ?'-;vrﬂ“f’-_bf[. e T ey

CJ=0 S - . ,\ AT e e T

-‘l AV(M)—0 0. S
PO 800 T=1, NUMTU .

,L'NnIMI—Nn(MI+1 S _;;:,.»nw-ﬂ R RSN B
f:?IF(OIL(K) n.0)21 21 22 P
u,TOIL(M)—TDIL(“)+(10 0 »(DIL(K))

';;AV(M)—AVIM)+HIL(K) - :

CCENT INUE

t=L+1

' LMEAN(L)“LMEAN(K)-STEP
;Manmo

A STIMULATION OF EXPLnRATIﬂN 1S CnNnH(TEn wITH THF

LARGEST STRUCTURES. INITTALLY . AMALYZED AND RESFRVE

(ASSESSMENTS SEOUENTIALLY GENERATED. = 2_7_11

TOP=1. 0

SURD=1. 0= SR‘f'”Iﬂ';'ﬁff;fﬁjﬂ’M

CALL SUSPN(16 1y

P I

el

TFCISWT) 11506511
CALL: PEACH(IX(1Y, YFL)

NIL(K}=0.0 - .
G0 TO: 16 ‘,'fw
ﬂIL(K)‘LﬂG(f&”

TUNTINUF. ng.,,_ .

CCONT-INUF

nILMX(M) 0 0




- L L o
ExptnRATlnN.SENSITIVIXYf,;.(anT-n)_

. .nD 17 KE1,NUMTO S R B
= CIE(PSAILIK)- OILMX(M))17 17,13 ' - S
18 DILMX(MI=PSOILIK) = = B E
17 CONTINUE . . - . L PR
._}VAV(M)*AV(M)/J _
900, CONTINUE | L
L TOTMX=0.0 -
7 no 620 M=1,KO0U -
- TOTMX= TﬂTMX+OILMX(M)
620 0 COMTINUE
T AVMX=10.0% ”(TOTMX/KOL)
L LUNIL=0.0" -
D0 610 M=y KOL B TS E R S AT S
- 600 . CuNIL= TUIL(M)+CUDIL R T SR I T e RP SASCHOR L A
6107 CONTINUE G e B SN S SV S
-AVOIL= CUOIL/KO%
. AVCUM=0,0 -~
SN0 63D ME1,KOL e T
. AVC!M= AV(H)+AVCUM 1'_=?Qaﬂ?u7yi.;':“>_*l:%v§jt R S
630 CONTINUE SR A R P
U uAVG 10.0**(AVCUM/KUL) e LA
Y 61 M,‘,Ko
-__mwNDT*NnT+N0(M)
51 CONTINUE '
. NDVA= NﬂT/KnL : ‘ ' R T
s WRITECYLY IRFC)NUMTD,AVMX AVG,AVﬂ}L,MnVA sR:j
'-,IREC TREC+1 R

NUMT = NUMTﬂ—l R S
- IF(AVDIL- zooonooono n)9? 92,94 -
92 60-TN 505  ”5' | .
C a4 - 60 TN.51 . Sl S _ USRI
B0k WRITE(L'2) STEP LGTOT MIN,IREC Nuan o v v
CALL EXIT 0 oot Tt
FN” SR L T L e R e
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‘_'CASH FLOH-SENSITiVITYa ]_, o -ﬂ;.

."r v "

o THIS ROUTINE C LCULATES THE PRICE ﬂF CRUDE- OIL -
C  MNECESSARY TO CREATE SUFFIGIENT INDUSTRY - CASH ' FLOW Tﬂ
- C SUSTAIN'VARIOUS LEVELS NF EXPLORATION . EXPENDITURE
~C . UNDER A C§RTAIN FISCAL &CENARIO.\ T
R’ . . L MRy
" REAL NATGS(lOO) L AR
CREALCNTINGAL0@Y. - - %
- REAL INTAX(100) -~ - . . . T :_;!na
, - DIMENSION ARTIC(100) - ‘ R

\ .

AIMENSION TOTDP(100);, nﬁnﬂctloO) DEPLEL&OO) Txlmc(1on)f“ff

v . DIMENSTON PRDD(IOO),ANPRO(loo) ﬂPEXP(loo),Revco(lon)
" %,GRASS(100) ~ - gy
| PIMENS TON ROYAL(IOO) SFCDV(IOO),DEPDL(lOO),REMAI(IOO)',x

LTS - o :
E NIMENSION ATCF(lOQ), 

ol MRITE(6, 17) .,' o Lo SO
17 FORMAT(14X%,' RUYALTIFS NON—DEDUCTARLE ANn DEPLETIﬂN-_ﬁ-

Yo% ALLDWANCE. e L T
| C2AVATLABLE'4/// 46Xy EXPLORATIDN EprmsE|,1ox,
?;;-* REQUIRED PRICE',// R oot T
2/) we .\fjf]:{ﬁﬁl_f@l;g}; L
,jnALARTIC(I) -50000000 . O s
TTCOnMsH=3] 00.1_'21-“ EERE A R T A
. .COMSH=3.0n" Lo e e
“ROY=05425 ~; e T R e e T
" PRCNT= RﬁY~100 0 M e i e v
CURATES0.10 T e s T ey
- . PERCT=RATE%100, 0
. TOT=00

997 NN.55571=23, 40 o T e

. 555. TOTDP(I) =0.0 . ‘:ﬁ~1_¢~» et e T e s

A wi*ﬂJ  ilfﬁ”f~f f:Z. i . . ,5;,“&&_

B A q9a: 1= 2# 38 BT S SN
S DRnn(I)——n 04A17+(1*n 05911)+((1¢42 0)*0 000429)+((1*;a};

A3 U0 o , S
R s I onnossoa)+(l&°~4 n)*(—o 0000 25))
. ANPRN (1) =365.0%1000000, nﬁpRnn',“»
- 31=2.5. S EEnk

L NATGS(24)=2. 62]'7?-v3,3, R R
UMATGS(25)=2.7 " 1jv;w/r_:g ;u Ry

»:-HNATGS(ZA)-Z 8

CUMATRS(27)52.9

S U MATGSH28)=2.95 7

S UNATES(299E3.0 e

Lo MATGS (31 =3y e T

L UNATBSU32)022.95 0 0 Ta e e
ST _MATGS(33)“2 R‘."l._""_’ S

CNATGS(38)=246 s

”ATGQ(?S)_? sAg,,v-,




~109 

CASH FLOW SENSIT]VITY -...(CONT n)
q | .
: NATGS(IT NATGS(I)*IODOOOOOOﬁOOO o R
NATGS(1)=NATGS(I)}#*0.,5/1000.0 . . , - - . N
REVCO( 1) =COMSHEANPRO(T) ~ . % T e
., REVCO{I)=COMSH*ANPRO(I J+(NATGS(T))  « =~ = = . o
~_ REVCO(I)=RFVCO¢I1+160000000,0- o |
ROYAL(1)=(0.425%0.874RFVEO (1) )+(0.16%0; 13~REVCO(I))
OPEXP(T)=((~B.3%1)+(348, O*PROD(I))+(—%80 4% PRDD(I)*
*#%2,00) | - - , .
. 14(224.6%(PROD(T ) £3,0))- R
- OPEXP( 1) =0PEXP{I)X]1 00000;0 SR

‘GROSS (1) =REVCO(1)=DPEXP (1)
QQECHV(I)—(—Z 312+(21, 72*PROD(I))+(’10 87+(P§ﬁﬁ*i)~*2))
o 1+({6.RRBX(PRODET )%%3, 091 L _ -
L nEPDL(I)=(-12 292+(210 8*PRHD(I))+(-167 3*(PRO‘(I)*‘.<:-

CE%2) ) )
1+(106 7% < (PROD (1)#%3, 0
CCREMAI(1)=DEPDLUI) =
N0 40. y=23,1. B T R S T R P S
CURDP(J)-RFMAI(J)*O 30 e T e s
REMAT(JV=REMAT () =CURNDP () -« - s
A ,TOTHP(I)—TﬂTDP(I)+CURnP(J) -:-u~,,~ ';-f,zr,-xf;i _h2,; 
40 CONTINUE 0 - S e e e T
- ;*inEDUC(I)—((TOTDP(I)+§FCOV(I)1‘1000000 0) SRR SRR
- DEDUC(IIEREDUC (IV+ARTICAL) "0 el o
NTINC (1) =GROS$(1)=DENUC(T) . ’;=:J1;j;q; SR SR SR
U LFUC NTINC(I) - (0. 01 240 ?40 45 A e gt
45 CDEPLE(I)=0.0 ,.~-“f:;‘~~‘ e L
*”i_'TXINC(I)-NTINC(I)-DEPLF(I)
© oV INTAX(I)=0.5%TXINC(T) . S fx¢;=[nq,- o
240 ATCF(I)-NTINC(I)-INTAX(I) RﬂYAL(I) g,xga'~: e R
L NeT=230 '--flp-f;g.f&:ﬁv;;i
. ISAT(I)-ATCF(I)~(1 0/((1 0+RATE)**N)) R R AE
.. B0 T 993 g»;: L e H?~ZH%T'
. .993 CONT.INUE- L "_ ih7 ”'f:an{ e e
g;;]-_~f¢1F(ATCF(1) o 0)998,99n 996. e T T A e
996 M=M+)l. 0 T DI
T IR (M=12)999, 994 994
?Q©9;AC0NTINUE o e e
. 99R .COMSH COMSH+O so CLA S _;:\tj»,;»rg«""
’.ij094:'HR1TF(6 995)ARTIC(I) CﬂMSH ;.75”5';j«;f,-- S :
" 995 FORMAT(6X4F17.2y20X,F6.2)." .-:,a_g_y
Co U ARTIC(I)E ARTLC(I)+100000000 o o T
a~4:‘jffIF(ARTIC(I)—looooooonn 0)77 77 78 S
"-78>j=cALL EXIT “
o 17;FND '

P o

[N
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:J - | 'f'ﬁ s RIS

IMPERIALIOIL’SENSITLVITY’

THIS ROUTINE EXAMINES THE SENSITIVITY DF IMPERIAL OIL

LTD-'S CASH FLOW- TO A SPECIFIC FISCAL. SCENARID-.

NTEGER YEAR | :; T e
REAL INTAX(100) . < e,

REAL. NTINC(100) | | b '

NI MENSION pRo(100),ANPRn(100),CDREvcloo) OTHRV(IOO)

%, TOTRV(100)

DIMENSTON CALEN{100) .- : |
NIMENSTON DEPRE (100), ﬂPEXP(IOO),GROSS(loo),ROYAL(lﬂo)

%, ATCF({1007)

.Q .

15 |

1, F§ 3,7 nnLLARs PER RARREL ) ]‘Iatﬁ?.}fxg‘s%;.

35
' '_”.RATF,O =10 Q

_ FORMAT(F6.2) "

DIMENSIDN'DEOUC(IOO) nEPLE(IOOI'TXINC(IOO) - f;' R
DIMENSTON FERDY(lOO),CNRDY(loo) S

.~ NIMENSION DISAT(100) -~ - "",-’?1" T

NIMENSTON EXPLO(100)
‘NIMENSION COMSH(100)
nIMFNSION:PROD(loo) ‘
- hp 1000 K=1,5

T07=0.0 ~ ...
READ(5,9) COMSH(K)

wRTTF(vaS) CnMSH(K)'

CFORMAT( 70,4 THE COMPANY SHARE nF THE PDSTEn Ponft nc'u-n

* CRHDE DIL IS

ROY§0.425 TEEEN e Uy L e SRR
-pRC T=ROY%100. o g;.nf_S;v“S.'?iu.n v,ﬁf;~;fpt.y~:~

'“MRITF(6,35)PRCNT - "*;

-f1~- WRITe2, BARRFLS!) " o Roue
ST o nTHRVETL) = (11 8+(3120»PRO(I))+(13 40 G*(PRG(I)**z. 07 )
_;_vqylonnooo 0 lf;iz;” _ o e

7f15AR 195041
"WRITE(6%65) YEAR

- FORMAT( '/, RﬂYALTY RATE CT1,F6.3 0 PER CENT 1)

PERCT=RATE$100.0
WgATE(6455) PERCT R | '“.; i
FORMAT('/1t INTEREST RATE F6 3,!yPER CENT' S

' nO555 1=23,35 /13 S

CALEN(I)~1950+I ' fjjf*fj%f
FORMAT( ////',14) S

#53. 0) R
L0 » 00005503)+((I 4 ﬂ)“(-O 0000025))

 PROCTY=0,145%PROD (1) . . e _;ﬁ{j"'

ANPRO( 1) S PPRD«365 0% 1000000,
thTstb,lﬂ) ANPRU(I) -
FORMAT (/1
L- TﬂTALS




20

~

30

40

50

60
”,**1000000 0

70

81

‘1 +(259300. Ov(PRO(I)* 3 0

C FORMAT (/1,4 TOTAL DEDUCTIGN AVAILARLE FOR CAPITAL
% COST ALLDHANCE S :

IHPERIAL ﬂIL SENSITIVITY...(CUNT'D) :

REV(I)*ANPRU(I)*CDMSH(K) y -
WRITE(6;20) .COREV (1) A
FORMAT("/',' CRUDE DIL REVENUE IS C',F17.2, .t
% DOLLARS') . R :
TOTRVII) CﬂREV(I)+DTHRV(I) ) .‘_ R
WRITE(6430) OTHRV(I) - - - * :
FDRMAT('/" COMPANY - REVENUE ERnM ALL OTHER SOURCES‘IS -
* "yF17.2, _ . v
1' 'DOLLARS') ‘ .
MRITE(6,40). TUTRV(I) e ' o
FORMAT (/' TOTAL CnMPANY REVENUE IS B ,,F17 2, S
* DOLLARS?Y) . : S

' ﬂPEXP(I)—(3 46;(2262 0 PRU(I))+( 39940 Ok(PRO(I)*
¥2.00))

) )1 1000@00 0
GROSS(1)= TOTRV{I)-OPEXP (1) e
WRITE(6,50) OPEXP(L) " - ° T
FORMAT('/' o TOTAL. OPERATING EXPENSES RE;?ivtyFL7;2,
_NDOLLARS!) " o . S SR SNy

NRITE(6 60) GRDSS(I) e :
FORMAT (4/1 o1, GROSS "INCAME TS #4F17.2,1 GLLARS
”EPRE‘T’-?0,1841+(4 1% PRﬂ(I))+(?278 ov(PRO(I)¢*2 0,,,

“WRITE(6,70) DEPRE (I

T XIS T LGF1TO2, DDLLARS')"‘ i j;;; LR
- canvtl) =0.87%0, 425rANPRO(I)*CﬂMSH(K) Sl e
CWRITE(6481) . CHROY(T) - - -"“’vﬂg“.»w:;g c
CFORMAT( '/ RDYALTY FRﬂM CRDHN LAan IS TYFLTS2y
* DOLLARS') Ll

FERNYLIY=b. 13“0 12*ANPRH(I)*COM§H(K)

. WRITE(6,82) EERUY(I)
A2
T Ty DOLLARS')

FORMATL! /!, 1" ROYALTY FRUH EREFHnLD LANDS Iﬂf'ff;Fr7J2;fE3

e ROYAL(I)-FFROY(I)+CanY(I)

‘:'80,

bv | '.' 90

110

G WRITE(6,R0): BOYAL(I)

_FORMAT(1/1, 1 ROYALTY EXPENSE 1: .f{{EIT;zx*fpﬁLLA§Sﬁ}75fff:

o FXPLOCT) = 100000000, 0"
. wMRITE(6), 90) EXPLO(I)

FORMAT.('/ ", EXPLDRAT]HN EXPENDITURE IS ffFlZJzﬁﬁgf“ﬁ"

% DOLLARS')

DEDUC(y) FXPLﬂ(l)+DEPRE(I)+R0YAL(I)+0 0

CMRITE(65110) DENUC(T) . : L xf e e
] FORMAT (‘4.7 540, TnTA¢ DEnUCTIQNg 5ﬂ FI?._:w“i” ;
S RIDDLLARSY) . u.vu;u:

-[45

L URITE((),]_ZQ) MTI_N,C(I_):‘A e T

NTINC(1)" GROSS(I) DEnUC(I)
STE(NTINC(T)=0.0) 240, 45445,
CPEPLELI)=0.333%NTINC(])




S SERE N

nz

IMPERIAL ﬂIL SENSITIVITY...(CONT'U)

2120 FORMAT(V/1," NET INCﬂME U LET. 2, DOLLARS!)J
©  WRITE(6,130) PEPLE(I) ) R
130 FORMAT('/',' DEPLETION ALLONANCF 1aF17.2,
% DOLLARS!) : o .

TTXINC (1) =NTINC (1)~ EPLE(I) |
- WRITF(6,140) TXINC(] e e
149 FORMAT('/' TAXABLE INCOME =~ ',R17.2,' DOLLARS®) -
S AT0T=0. 0) 160,1604235 I U R .
160 INTAX(F+=O 5%TXINC (1)
C WRITE(6,210) INTAX{I) " . SR
210 FORMAT(*/'y " INCOME TAX PAYABLE Y4 F17.24%
% DOLLARS! ). “ T
ATCF(I)*NTINC(I)—INTAX(I)
WRITE(64220) ATCF(E): T
2z ’FORMAT('/ﬁ,' AFTER TAX" CA§H FLOM ‘ PyF1T7.2,"
- * DOLLARS'] - o '
N=1-23
ﬂISAT(IJ-ATCF(I)*(l 0/((1 O+RATE)**N)) ,
MRITE(6,230). DISATII)" :
230 FORHAT('/' »' PRESENT. wnRTH nF THPS YEAR"S«CASH
CTem FLOW U, FLT02y o . ‘
‘11 DOLLARS®) - " = SR '.i‘~¢,_\;j’;'.~
- G@8 TP 555 e TR S
ﬂ~235 IFCTGT=TXINC (1) 265&255 255 Sk T :
249 JOT=TOT-NTINC(F) - = " O x»:,-
o MRITE(6,242) NTINC(IY -~ W ‘ - L
242, FORMAT(1/1',* NET INCOME =~ . ,F17 2, DDLLARS')
CONTINC (1) =NTINC(I) . o e S

Lo

‘P.'

o WRITE(6,245) NTINC(1) i S ;__52 53-‘~3
© 245 FORMAT('/ty* NET INCOME hINUS RﬂYALTY EXPEN%E VG FITW6T
R DDLLARS') L S S

o 60-T00 259 e ";1  ,f;“_ ST e
2557 TOT=TOT- TXINC(I) _ Y
U MWRITE(65256) MTINC(I)‘ o e il e
256 'FORMAT( 1/, NET INCOME v:; F17 7, NOLLARS') . &
U NTING (1) =NTINC (1)~ RDYAL(I) S e »
U MRITE(6, 257) NTINC(I) - 1_*»- L e
257 FORMAT(!/: TONET: INCﬂME MINUQ RﬂYALTY EXPENSF MU FLT.6
S DDLLARE?')1'“j“ - | L T T
- 259 xjNRITE(é 250) TOT = | SN
S CMRITE(6, 250) Tor. o
250 FORMAT(M/'y ACCUMULATFD DEFERRED TAX SAVINGS
L FLT. 2, nnLLARSl*' . ol

. !‘.-~

L oomaTosss oL n
';,265; T0T=0.0. oSl
o INTAXLI) =0, 5«(TXINC(I)—TDT¥ i
S MRITEL 6, 270) R e \
270 FORMAT('/', ¢ INCHME TAX PAYABEF ,F17 2,. DDLLAR%')
v./\TCE(I) NTINC(I) INTAX(I) RnYAL(])




| | N x B ',‘ 3 , ‘ »
.A \- _&. . --A " .. . : l|3 .
_ IMPERIAL 0OIL SENSITIVITY...(CONT'D) o

. . ‘ 3 . .
B HRITE(b 280) ATCF(1) | .?//. .
280 ' FORMAT('/",* AFTER-TAX CASH Fan YWFLF 2,0
% DOLLARS') . ;o - {
555 CONTINUE - - ° L P | o
.. READ(5,551)M-. . T
551 FORMAT(I1) - AR
o 200 1=23,35° - = - .
WRITE(5,552)CALEN (1), ATCF (1)
552 * FORMAT(E13.6, E13.6)
- 200 CONTINUE - =~ .- &
1000 CONT LNUE y SN
~ CALL EXIT
END 7

L

Sk

\‘V *»’

~ o
P .

- o
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- DOME SENSITkV{TY LODP

THIS . PROGRAM EXAMINES THE - SENSITIVITY OF DOME

4 PETROLEUM IN THIER CASH FLOW POSTTINN TO- VARIOUS
FISCAL SCENARIDS. : L s e

INTEGER YEAR . = g

REAL INJAX{100)

REAL NTINC(100)

REAL NGPRT -~ o' » - SRR

REAL NGPRD o : . T L

-REAL NGREV - A, S '

DIMENS ION PRO(IOO),ANPRU(IOO);CDREV(100),0THRV6100)'
%, TOTRV(100)

"DIMENSION DEPRE(lOO) OPEXP(IOO),GRDSS(IOO) ROYAL(lOO)
%, ATCF(100) - .\
" DIMENSION DEDUC(100), DEPLE(lOO) TXINC(IOO) ‘

DIMENSTION FERNY-{100) , CWRGY(IOO)f/ . , '{' e
" DIMENSION DISAT(100) ~. = . C S Q;“

NIMENSION EXPLOD(100) S A S S :
NIMENSTON COMSH(100) . § A
TAMENSION PROD(100) - 7 o B
AP0 1000 K=1410 <. LT
- T0T=100000000.0. e Ly e o

. REAN(5,9) COMSH(K) v . o

FORMAT(F6,2) ° * N .
" WRITE(by15) COMSH.(K) L :
FORMAT('/1,1 THE COMPANY SHARE rﬂlTHE PDSTED PRDCE 0F

Sox CRUDE. DIL. 1S

1'yF6. 3,1 nnLLARs PER BARREL‘!)';*_ ,_f“'“,A j:  ;";;
_ RDY=Q. 425 Ll e T B RS
' PRCNT=ROY%100.0 L -'-.~;“ ~.r"-i;"j*3.”7fi.;fv”’
WRITE(6,35)PRCNT. - -~ . T e
‘FORMAT('/'; ROYALTY RATE e, ,F6 3, PER CENT Yy
"RATE=0.10.- . - : '  >_\vu, e w"li-
PERCT=RATE*1'00,0 : rﬁ~.;f UL et
WRITE(S, SS)PERCT e \>\\§']jf‘ PRI AL
 FORMAT(1/1 ;1. INTFREST RATE 1F6:i3,0 PER CENT') .
- NO 555 1=24) 35 e Il P RS SRt
K YEAR 1950+I R B h . - :';’ N " \ ° ;
© WRITE(6%65) YEAR o ";-»*w-,v ;A'._;- :s; e
FORMAT('////',IQ)"‘~* R Sl
= PROD(T). -o 0441W+(I*0 05911)+(JI**2 0)*0 000429)+((1*
#3.0) - _
“i<1*o 00005503)+((1~»4 ox*(-o neooozsas
. PPRn PR )/o 837 *“v*»“‘>” -~'*f‘f?vfﬁ~'¢’;j.;H;;i:a;:;;t
“ANPRO{ 1) =PPRO%365,0% 1000000 o f,lfﬁ;f:ﬁj(;';;ﬂ_€ \*“;
MRITE(LB1O) ANPRO(1). . . LT A
FORMAT('/'; ANNUAL PRnnUCTION ﬂF CRunE oxL AND N G.‘gi‘fﬂf
L' TﬂTAE‘S R T e e A e T RS

E T A ST S S



B LY

e Tl o

25

= 20

o
T
-

40

50

730

DOME SENSITIVITY LOOP  ...(CONT!D)

1 ',F17.2,' BARRELS')

* NGPRI=0.70-
NGPRD=140.0

NGREV=( (NGPRI/1000. 0)*(NGPRO~1000000 0*365 0))10 837
WRITE(6425) NGREV !

FORMAT('/' ' REVENUE FRDM NATURAL GAS SALES'»Fl? by !
* DOLLARS')
- MISC=1500000.0

S NTHRV (1) =MISC+NGREV

COREV (1) =ANPRO(1)*COMSH (K)

MRITE(6,20) COREV(I) . T

'FORMAT('/' ' CRUDE 0IL REVENUE_lS VWF17.2y '
DOLLARS ") . . :
TDTRV(I)‘COREV(I)+DTHRV(I) .,«’

_WRITE(6,30) DTHRV(I)

115

FORMAT('/bn' COMPANY REVENUE FROM ALL OTHER SOURCES IS

* 9F17 21

1!, DOLLARS') .
WRITE (6,40) TOTRVII) - . R
FORMAT(' /', ' TOTAL CnMPANY REVENUE 1s f;F17 2!

* DOLLARS') . ‘

‘

ﬂPEXP(I)—(—l 082+(2048 0*PRﬂ(I))+( 329900 0*(PRO(I)*.

*%2,0)) .

21+ (10410000, o+(pRn(1) £3, 0)))*1000000 0’°

GROSS(1)= TOTRV(I)=OPEXP(I) o R
WRITE(6450)- OPEXP(I) - e

FORMAT(1/*,' TOTAL, OPFRATING EXPENSES :ARE *, ;,¢17?2; -

%0 DOLLARS') o
NRITE(b 60} GROSS(T) , o R
FORMAT(1/1,% GROSS. INCOME 1S~ *,F17. 2,' DOLLARS.,

PPEN

©OERE2,00 L. g

70 .
- 81

- FXPLN(T)

1+(1091000 0*(PRD(I) %3, 0)))

NEPRE( 1) =NEPRE(1)*1000000.0 ;

WRITE(6,70) -BEPRE(T). Ll ’
FORMAT('/' K TOTAL DEDUCTIDN AVAILABLE FDR CAPITAL

% COST ALLUHANCE
118 LyF17.2,! DOLLARS') S R o
. CWRNY(1)=0.87%0. 425,ANPR0(1)~COMSH«K)+0 87*0 ZS*NGRFVr]_fg

"WRITE(6,811 CWROY(T).
CFORMAT( v/, RDYALTY FRDM CRUHN LANn IS;:- ,F17 2'

* DOLLARS'): -
| FEROY(%)—O 13@0 12eANPRD(I)*CDMSH(K¥?0 13*0 IZ*NGREVw

WRITE(6y82) FERDY(L) . .
FURHAT 70 ,RDYALTY FROM FREEHOLD LANDS I%
ﬁDLLARS')T" ,
RDYAL(I)-FERUY(I)+CNROY(I)
SWRITE(6,80). ROYAL(I)

) DEPRE(I) (~).1042+(238 Q*PRﬂ(I))+(-%2330 O*(PRO(I)* f-*

hRme

CFORMAT(1/1, y ROYALTY FXPENSF IS .;;51?,2{35n0LLAR§H}fff¢f

O R



e

"DOME SENSITIVITY LOﬂP eet (CONTID) (/ o

EXPLO(I)—EXPLO(I)*IOOOOOO o ) \wg“/
WRITE(6,90) EXPLO41) ‘ ’ | - )
90 FORMAT(1/%," EXPLORATION. EXPENDITURE IS L V9F1T42, 0
* DOLLARS) "~ , | R
DEDUC(I)"EXPLD(I)+DEPRE(I) _-* . , R
WRITE(6,110) DEDUC(I) . ST
110, FORMAT('/',' TOTAL DEDUGTIONS- VyF17.2,¢
\* DOLLARS!') S coe
NTINC(1)=GROSS (1)~ DEDUC(T)
TF(NTINC(I)=0.0) 240445, 45 -
45 DEPLE(I)=0.0 = _ | .
WRITE(6,120) NTINC(I) S BRRREPUN |
120 FORMAT('/',' NET .INCOME ) ~_,Fl7 2,' DOLLARS!)‘
| - WRITE(6,130) DEPLE{I) : S |
130 - FORMAT('/',?! DEPLETION-‘LLOWANCE ,F17 2*
% DOLLARS')" : : .
'TXINC(I)wNTINC(I) DEPLE(I) j T
 WRITE(6,140) TXINC{T) =~ e®& ... = 0
140  FORMAT('7',! TAXABLE INCOME * ~ " ',F17.2,% DOLLARS")
~ IF (TNT-0,0).160,160, 235 ' T
160 INTAX(1)=0. 5*Tk1Ncc1) o
© o WRITE(64210) INTAX(I) . oo "o o 0
210 ~ FORMAT('/','" INCDME TAX PAYABLE . »“}»'1F1712,T s e
% DOLLARS') Lo

S

ATCF(1)= NTINC(I)—INTAX(I)—RUYAL(I) S TEt PR
_MRITE(64220) ATCF(I} « " e

220 FORMAT('/!y' AFTER TAX CASH FLUH SR, 240

o % DOLLARS') - SN ﬁ;_ T T
N=J=23 e G e
NISAT(I)=ATCF (1)1, 0/((1 O+RATF)**N)) g . ;,j.__g,w

. WRITE(6;230) DISAT(TY =~ - o

. 230 FORMAT('/' ' PRESENT HﬂRTH nF THIS YEAR"S CASH FLnﬁ
E 1' DDLLARS') { A? .; ¢g,w

. GD 1O 555

3 235‘vTF(TOT TXINC(I)) 265, 255.255
240 - TOT=TOT-NTINC(I) - |

o WRITE(63242) NTINC(I) - ,,iu‘ o SO

242 - FORMAT(V/Y 41 NET. INCOME R ,F]7 2, DOLLARS')e:T*»

mﬁ..::NTINC(I)-NTINC(I) RDYAL(I) e R

) Q

o WMRITE(64245) NTINC(I) o L “'f -
.ZQS"VFDRMAT(”/' . NET' INCOME MINUS ROYALTY EXPENSEvP Fl

- DOLLARS') SR "
R co TN.259 L §=ﬁﬂ “T'*S;h4isw
- .255 . TOT=TOT=TXING(1} - - - /t“fjuv“.rr=‘ v
. MRITE(6,4256) NTINC(I): n‘"' RN
256 FORMAT('/%,* NET INCﬂME UG ERTL2, 0 DOLLAR
: ._y]NTINC(I)=MTINC(I) ROYAL(I) 'j__.‘w,..

Co T WRITE(6y 25TV NFINC(TY - f"““‘ BN s
'12574;F0RMAT('1o il NET lNCnME MINUS RnYALTY EXPENS Py FlTe6 ,



ny

DﬂME SENSITlVITY Lnnp ese (CONT'D) .
DOLLARS!) ’;-'_ S R
+ 259 NRITE(b 250). 10T SRR B
: WRITE(6,250) TOT . - * B
250 FORMAT('./%,n ACCUMULATED DEFERRED TAX SAVINGS VyF17.2
*,v DOLLARS' ) , . SR
GO T0 555 S o . R4
265 TOT=0.0- " .~ - . . ‘ A
: : INTAX(I)=0.5*+TXINC(I)-TOT_W
T WRTTE{(6,270) INTAX(I) - o e
270  FORMAT('/',' INCOME TAX PAYABLE ,F17 z.t DULLARS'),to,
. ATCHUL)= NTINC(I)—INTAX(I)—RﬂYAL(I) ,
~ WRITE(64280) ATCF (1) = S 153“
280 FORMAT(!'/1,? AFTER TAX CASH Ean "Vlf”11F17;Zi'jﬁff'
- % DOLLARS') . L S
555 CDNTINUE |
11009 CDNTINUE
. CALL EXIT SRR :

B




(e N e Ne e

a2
13
Ty

Lo 'SllM =0 0 R
SN 4000 I= 1,350 FERTRNEE
_‘ PDUL(T) ARFA(])*PAY(I)*4356O 0
';POOL(I)-O 178 PﬂﬂL(I) B

o DEL(N)—IO n**v
j ano 13 1=1, 350 Dol T e T T

433 -o 332 SR
. CALL GAUSS(IX s Av,V)
“wPAY(I)-IO DL S
IFDNTINUE LT
DDA L=y 350 L T e
S AVE0613 ﬁ,l-‘-f-;'?:j;t;*~' L
'“1< =0.0048 . IR '
CCALL. GAUSS(IX Sy AV,V)
“POROAL )= V.o
" CONT INUE
D015 s 1,350
LA=0, 2621
. 8=0, 0066 . '
‘i_CALL GAUSS(IX S, A V)
'UAST(J)zv S
*CONTINUE

RESERVE GENERAfan-LOOb

»

[ ] a

CTHIS SUBROUTINE GENERATES THELVF pnan OF A’ cuMULATIvﬁ}f

RESERVE NF .TWO TO THREE BILLION BARRELS. IT THEN
ASCRIBES PNOL PRODUCIBILITY TN EACH- PNOL. FINALLY.>}
1T ARRANGES THE POOLS IN DRDER 0F - LARGEST RESERVE.: :

SUBRDUTINE SORT (IX PﬂL X Yy SUM)
REAL MAX '

DIMENSION POL(30),X(301,Y(30) ' . T

NIMENSTNN PORN(350), pnnL(aso).nFL(aio) PAvtzso).=k'§;j;"

- % NAST(BSO)vAREA(BSO
1) ‘

PO 10 I=15350 - .fyf "‘fii~f" ;5-f'ﬂj; p'b~7"

AM=2.72 - ;.,t-; B TP R

§20.9 ot e
CALL. GAUSS ( IX 45, AM,V) L E L s

- 1ARFA(I)—10 0**(AREA(N)) Rt
- AREA(N)=v" - - S ,3ﬁ; A

CONT INUE g“»‘._»;{y,“.i_uiﬁf" A ek

PN 12 N=1,350

AVER=1. IRB'v

VAR=0.695 . - L R e e
CALL GAUSS(IX VAR AVER.V) LT e e

o POOLLI)=0.60% (1, o~WAsr(1))~poRn(1"“"”"f“”

ffsum PnnL(I)+suhv,=




RESERVE GENERATIﬂN LOnP. ...LCONT!H) -

’4000 CDNT}NUE /
. WRITE(6,42)SUM . S
42 FORMAT(' = THE . RESERVE IS',F17 1,' BARRELS') - ="
. N=16: - . L . .
KUM=0¢0
.- NUR=12
T4 MAX=0.0 - s --; S T e
o nD 72 1= 1’350 ) B e L . |
* TF(MAX-=PODL(I))73, 73 72 T AR
73 MAX=PTOL(T) e
72 CONTTNUE L
| .PDL(N)~PHDL(J).‘s‘» ‘
X{N)=NEL(J) .
Y(N)=PAY(J) -
. PORND(NY=PORO(J)
o NAST(N)—WAST(J) o
SPOOLLO=0LG T
KUM=KOM#L |0 0 e
| [ylE(KnM-15)74 75, 753&"1:' .
757 CONTINUE - "
o [RETURN
. FENDL .




. *

MO O0O0o

%, CUMNL (30) ,DELLV
 PIMENSIO

"{,FAC-(((l 040 OS)**T)-I 0)/(0 05*((1 o+o 05)**1), |
131

.'._‘. 21‘ :
8-

_CALCULATIDN 0OF - MCKENZIE BEAUFURT DEVELOPMENT COSTS

" GENERATED "IN THE SUBRDUTINE.SORT, AND CALCULATES A

- np=0, 2xco
KAR=1
C1X=29211

©CALLS SORT (X, PDL DEL PAY,SUM;
D076 1216430 A o
f\PDDL(I)—PDL(I) g ;;~ucg"~f,u; DT T P D S
Q_(ONTINUE “*.':.i‘.g,ﬂnz;,’gg~f;;;g;s;;,j;;5;g,:g;-;-
”a:DELI(I)—PAY(I)*DEL(I)A
_CONTINUE >,H,.;Mv.v;<-
D0 TT 1= 16 30 L e R
S :;7;FRAC(I)—PﬂnL(I)/SUM T A e
TT
1 10T=0.0
o220 B
”vngELI(I)—DEL(I)*PAY(I) e
L UDELIV(IY = DEL(I)*PAY(I) 365 0
_’I;DES(I)—PODL(I)/T |
~,;.;popiynp+n55(1) o
. v*‘NUM(I)—(DES(I)/DELIV(I))+1 o i
T COSTEY=(CO + (OP»FACI)/(DELIV(I)*FA() +1
”'CUS(I)-COST(I)*NUM(I)*DELIV(I)“ R
. CUMNL (T NUM(I)*DELIV(I)_ 3

- CONTINUE- &
S UTOTAL=0G0
Moy T=16,300
Lo TOTAL=COS(1)+TOTAL
U '_. o
.« DEVs TﬂTAL/TOT |
o VELE5, 00 o
: .‘.f'THRl!T 0-, 0

120
Ty . ’ .
PRICE,SENSITIVITY'LOQPT. P

L _
A 7

. THIS ROUT INE INITIALLY TAKES' THE TWELVE. ORDERED PODLS

PEVELNPMENT COST. FOR EACH PNOL, THIS CALCULATION IQ

- REPEATED ONE HUNDRED TIMES.

INTEGER c057(30)‘7' R
DIMENSTON - PUT(100) .. : R ;n‘
DIMENSINN NUM(30),C0S(30), PnDL(?D),DEL(BGTyPAY(30)

1(30),DELI(30),DESI3D)'ERAC(BO)yPOL(%O) fHRU(ao)
/ INT(lOO) o L S xsj._v

T=20.0

AS0L,05 v
C0=240000. n‘

DO :1000 K= 1,100

fCﬂNTINUE _{_A._

no 18 1216430

TOT= CUMDL(I}+TDTC

CONTINUE"




"'7;36

 ‘_ 32

izl -

. PRICE SENSITIVITY LDOP .;.(CﬁNT'h) |

nO 81 I 16130

THRUT= THRur+(neL1V(1)*NUM(I))

' THRULI) =THRUT.

81

| N0 123 1216430,

121
123,

124

"flOOO

*;-o;V'

S.30. "
31

“; M=N# T

_i_igs

10N6.

'”Vf?1005 CONTINUE -

"flodz

::;,1603 CONTINUE
R I IM} NUMR

A IF(PUT(I) Al30 29 29'

CWRITE (b, 1006)INT(H)”

PELIVITY =THRU(] ) T
CONTINUE. - = = .. .
PUT(K)=0.0 R

CTR(CAST(I)~KAR)121,121, 123 SRR ENE U PSS S CE N 6
PUT(K) = CUMDL(I)+PUT(K) 'i‘n’?fdfﬁ._f*.f--‘;ffp;;i\
CONTINUE - SRR s ]

CWRITE(6) 124)PUT(K, _;   ",?"N'1f  “‘”’

FORMAT (6X 5 F17.2).  ;~5 1 S 5  5 ~;;,~% ;71..
CONTINUE R I T S AN

THE RﬂUTINF Nﬂw DRDER§ THE RESULTS ﬂF THE ONE HUNDRFD
“TRTALS 'AND DETERMINES THE MOST PRDRARLE THROUGHPHT *
(BBL/YR) FDR A GIVEN ALLUUARLE DEVELUPMENT CﬁST.g.,zJ;‘T

nn 9 M= 1,1no
INT(M) QT
CONT]NUF" ' RS S el T P
" N=] q.  Qij,' ~5jL¢jj‘y*ti;'y:]«;,ﬁ.:s;j;:;'iﬁ'ggjf;;;

CKEN#T T T e T

“h=0,0 ""A T T e S T e

R= 10000000 0 S P P T

no 32 1=1; 1on

CGOCTN 32 v
IF(PUT(I) -B)3y 31,32
INT(N)-INT(N)+1 (
CnNTINUE . ’ =
~1F (B= 1000000000 0)33,33 35
© K=A+10000000.0 i

R= B+1onooodo o

RO In 36 : .’"}
-no! 10G5 M"'lyl(')()

FORMAT(BOX 18)

NUMT = n‘“tf-‘
NO. 1003 ‘M= 1,100
1F(MUMT~INT(M))1002,1007 100
NUMB=M. - : U

NYMT = INT(M)'

TLImM2= NUMB=1,. .
XL IMY= 1000009 o*lel
XLIMZ 1000000 O*Ll




137

23
T o4

o0
.25

-i73$»'

'g32;

CPRICF SENSITIVITY LONP

CWRITE (A 137)XLTH1, XL 112

Loonnereng

FORMAT (10%;F17.1,10X, FI7. 1)?71 :

_HAL NOMT /2

20 M=z1,100

,Ié(m-mumn{7o,zo 230 v
‘]F(]MT(“)—HAL)24 24 ?ﬂ

N1 D =M

. GA.TN 25
G nNT]MHF'

L IM3=NOMP ‘“f 'f  ;‘; Ce

R NI HD 1 ‘

',:xL JA3 = 10000()() ﬂ::-l_ ].13
XL TM4Z1000000. O%L TG
CMRFTRLASTATIXLING, XLI’ e
FORMAT (3X,F174 144X, F17 ) =

KAR=KAR¥].

'-1F(30=KAR)132"131,131

CALL BXIT o0
fvn e

BENS S

RV SRRt T M
el

122 -




T o0 o

123 E

,‘ALBERTA'RESERVE ESTIMATE

,,THIS PROGRAM ESTIMATES THE - TDTAL IN- PLACE RESERVE OF

THE ALBERTA-BASIN BY MAKING - RANDOM. SAMPLES FROM THE
DISTRIBUTIONS OF . POROSITY, NATER SATURATION, AREA AND~(

" PAY THICKNESS.,

.-

L
,REAL MEAN

. DIMENSION REA(380) -
- DIMENSION PORO(BSO),WAST(BBO)

41

. ho- 108" LUMql'ZO
- SUM=0,0" :

DIMENSION PAY(380) AREA(380) BEL(BEO)

L IX=81 .
CMRITE(6,47)

FORMAT("" THE OIL'IN PLACE IS' 15x 15x, BARRELS')

TOTl 030

© o T0T=0.0-

NO. 2000 - M 1 380

L AMs1,07- ;'f"-fifEﬂfc’fi“lf
8=0.332 " TU*' : Sl e e
CALL GAUSS(IX S 1AM,V

PAY(M)=V

: ”**(PAY(M)-lo o (PAY(M))

2000,

CONTINUE. s .:flﬁﬁj;pfﬁgffﬁi,iﬁ?;.;=fgf;f“»“
;00 3000 N= 1,380 e

'fojCALL GAUSS(IX S5 AM, V) R PR el
""1AREA(N)*4Iaiu*’ : 'uwr“akikff33ijs“»ﬁ*;¥-".‘Ari[;f*fﬂi

- REA(NI=AREA(N)
R ) AREA(N)+TOT RREE
'“.gAREA(N)-lo O**(AREA(N))f;

e
75000

un[fjépOO

S @y
B0

- DD 5000 K= f 380 V,g;ffﬁx;q;;ﬁ
. AM=0:13 ‘?fﬂ;.,~AX“Q;;»;»‘x~.
- /$=0.0048" SRR R
“ CALL GAUSS(IX,S AM V) RSN

. 'P0. 6000 L= 1,380 RPEEE AR A

S AM=042692) *“"f:’ :

L 78=0.0066 A

CALL” GAUSS(IXyélAM V)
CWAST(L)=v '

o WRITE( 6y 50):, A _
CFORMAT(/7/ 45X ¢ NUMBER',IOX,' paY. THICKNESS(FT
'i 1 AREA(ACRES)',bx,' RESERVOIR(RARREL%)”

CONT.INUE -

‘PORﬂ(K) v
CONT INUE -

CDNTINUE

MEAN TOT/BBO‘



S _12&"

ALBERTA RESERVE ESTIMATE...(CONT nr' ,
, e o
N0 4000 1= 1,380 o » L - ST
DEV=(REALT)-MEAN)*%2.0 T . e
TOT1=DEV+TOT. - IR
BBL(I)~AREA(I)*PAY(I)*43560 o -
BBL(I)=0.178%BBL(1)" .~ ' N
BBL(T)=(1. O—NAST(I))*PORO(I)*BBL(I)’
SUM=SUM+BBL (1) o D e
4000 CONTINUE™ = BT S - _'- O
S WRITE(6,43)SUM © - L e ]
43 FORMAT(22X%,E12.4) ..~ -~
VAR= TOT1/379.0 R G
SD,VAR**O 5 S e 7A

RESMX=0.00  ~ . oo e
“pO 101 L=1l,NUM R IR
© - IF(BBL{T)-RESMX)101, 101,102 o
- 102 RESMX= BBL(I) : :
o d=L o
7101 CONTINUE ; | S ”>W‘;grz CE
ST MRITE(6, 5Y)J, PAY(J%,AREA(JJ,RBL(J) DR
. 510 FORMAT15x,15 10X;F17.2,10%, Fl7 2.1ox F17 2) e
. BBL(J)"O 0 T T e D e
KUM=KUM+ T R _}5\_4. c.~::{ uﬁ**“f-;‘.t"*;..;_:w,‘u~,
lr\nuM~380)1011108,108 t:hag'3§x=;,5_L-¢,,j¢ S
108 CONTINUE
CCALL EXIT
f' END '

\ K




¢ FOB=6.50" L
. " WRITEd(6, 53)FnR

53
B "*»DULLARS/ LA R R S T Pt R P
CVRARREL '), :*n.:1WS;.@v~-fjjﬁﬁw~:,-ﬁrf~*

L OVOFLA={3:14%((D/ 2, o
L NUME (nIST/MLENC)+1“

S NMUMBSNUM e

CCWMRITE(6;12)NUNB T e e
CFORMAT.Y THE - NUM%ER ﬂF PUMPINF ' "
LU NAFLN=VNFLN%3600, 0*24 0/5 61

}F_izk;
: MRITE (6,321 0AFLO

S PMAXE 350 0
=~ PMIN=195.0

- VISC=12. 04

. READ(5,10) DIAMIT) .

=FjREYMO DIAH(I)*VEL/(VISCrO 3875);*~fy¢;;y
LU NERTAMIT) v e s
- A=DELP*32, 0% 144 o*o e -*':*~*=‘-“' g
o R=2, O*DENSI“WVELv*Z 0)*FRIC
©LENC= =A/B-

| is
A‘. - . ’ v ., ..‘A. |

© PIPELINE CALCULATINN

" PIPELINE DIAHMETER SENSTTIVITY .STUDY -

" REAL NUM

REAL INT : R
REAL MAT - - B

- REAL INS .

REAL INSB. e
REAL INSA .. . 0

 REAL INSTL™
'REAL MLENC

REAL MSFLO *
REAL LENC-

CREAL INS . ;; 5-' B O SRR S s

REAL K.
nIMENSION DIAM(IO)

CVEL=5.0
DELP=PMAX=PHIN
NENSTE55.3
FRICE04005:
-FORMAT (! THE F. .0.B. PRICE AT EMWONTAN 18 ISty F6a250 -

.nO 1000 1= 1,6

_FORMAT(F6, 21 G e e
MRITE(6511) 1 ﬂIAM(I) S e RT Tl e
'FURMAT(' CASE',Iz, --—~rf~:- DIAMETER enUALs',F6.2,753;*“
CFEET') o e G '

WLENC=LENC/5280.0. _ }{Ejff3ﬁén i
',?ng)i#yﬁuayx,



C126

*

a PIPELINE CALCULAII”N el (CONTD)

. 32 FORMAT(' THE DAILY. FLnN RATE | S N FlTs24Y
% BARRELS!') | T -
MSFLO= DENSIrVDFLO
WORK=2, 0% ( VEL*%2, O)*FRIC»LENC/D
 HP=MSFLO#MARK%0, 001818/32 0 e
ACHP=HP/0.85 ., - - &
HPM=ACHP/MLENC = PR
- C=(1.0/2. 303)*ALDG(HPM) ot S
CPUMP=17.19+(C*174.,2) v((c**z 0)3116 4)+((c**3 0)
%%19,49) . C
CPUMP=CPUMP*ACHP c T e
- F=0.912%(1.07/2. 303)*ALOG(HPM R D

CF=F42,35. . e e e
.- DPUMP=10.0%%F - .'\.;v“;jf’. R
_A=400.0. ~ R T et AT
O T=(970.0%D)/ (2. o (0 8*60000 0))/ﬂ DT
“CPIPE=28. 2% A% T*D D S e
o TINE 140 0 i e i L

TOUT=B0.O C e

'~.3o H1m (1. 07020043, 145 (DIAM (1) /2. ?)*52800 .0%50.5))
0 HM2=(ALDG((NTAK(1)+0.04) /BIAMIT1))/(2.0%3. 14%70. o
LEEB2RN00. 0 : ‘ﬂwﬁ

‘j-u)-\uLHG((DIAM(I)+(INS/12 0)+o 04)/(DIAM(I)+0 04)))
#/02.0%3,14%0.13 |
1%52800.0) . ' S ' ‘ FRRE

t, Has1, o&(z 0%3. 11~'DIAM(I)+(IN§/12 0)+o s; szaoo n)

J)
%3, 14% 0. 9*52800 0)

= T 1N~ (0"‘(H1+H2+H3+H5) )
TNA~32.0)60;50,50

g Zm’

INSA INS G e : O
CINS=(0, 206*(1788 0*5280 O)*3.l$*((IN§A/12 0) %

~»f~a1 200 4(0.T794% 1 SR :
141738, 0%5280. n)*3 14*((INSR112 0)**;_
rxms eoonnnoo 0 L -



18

13 .

14

15 -
INSTL=1257
- ROAD= 90000

19,

2

CPRIV=MUMEDPUMP o © o _..v;;gfg L
MRITE(6,21)DRIV, 7 =0 B

127
. .

. PIPELINE.CALCUEAith oot

WRITE(6,18LCINS S C
~ FORMAT(' THE COST OF JNSULATIDN o gFIT.2)

AREA=0#25, 0*“72 -0-(281,0~ TDA))/ALDG(?Z 0/1281.0 e

£=TOA)))

HLOG=0. 3185*((1 012 303)*ALHG(AREA))+3 59 -
CHEAT=10.0%%HLOG . , S o
ROIL=54300.0 .~~~ . -.‘*an*ﬁ,;.' R :
PIPE=CPIPEx1738 - -"ﬂ'.'fff N
WRITE{6,13) PIPE - S DRI : o

FORMAT (' THE COST OF PIPE MATERIAL S U4 F1T.2) L
"FITT=0.10%PIPE U S

~ WRITE(6,14) FITT : T E e R
. FORMAT(' THE COST OF FITTINGQ. SN FITL2)

CSTA=(3650000. 0/18 0)*NUM
CLAND=1140000.0-

ROW= (CLAND+CSTA) #8. 4. ,' L I R
"TRAT=300000000.0 - T I AL N
 MAT= RnN+TRAT+FITT+PIPE+CINS ‘ AR
JWRITE (6,15) MAT =

00000.0"°
NEL= 62000000 0. -".' Lo Ut T e e L mT
RGeS '*le*CPUMP ‘ oL N e :

FORMAT( ! EB'TUTAL MATERIAL COSTV,{;f  J;Fi7,2iff'A-c'

WRITE (64 19)PUMP

FORMAT(' THE COST OF BUMPS LRI

FORMAT (! THE. COST OF nRIVER§ ja’ﬁkﬁg;;'ﬁ{ffi;ﬁi?:zr“flfff

ROIL=BOIL¥NUM 0
o WRITE(6,22)

FORMAT(' THE COST OF BAILERS. f“'*ﬂ? LRIt
TANK=1.32#7000,0#NUN(326.0/239,0) 00

L EQUIPE PUHP+DRIV+BOIL+TANK+CHEAT

16

R
. K "'1F17 2)

= QTAX 0.15%EQU1P-

:‘GAS 16 ZI*RCHP*NUM

- MRITE(6,16) EOUIP . B e
FORMAT( ! THE TOTAL EOUIPMENT cosT TnTAL§ u;;,f;;a;A;,,.
'r,F17 25 S SR

COM=40000000.0 "
SURVY=100000000.0 -
~ CONT=100000@00-+0
S NUTY=0,20% (EOHIP)

CTAP= MAT+INSTL+ROAD+DEL+EQUIP+CUM+SHRVY+CONT+DUTY+§TAX
HRITE(6, 17)CAP S ol
FORMAT(' THE TOTAL CAPITAL COST TUT"‘

FEF=0.85

CMATER=9100 ,0% NUM*EFF i 42
'AR (1000nno n/1n 0)*Nnn



~ PIPEL

SUP= O 20%
MA IN=( (47

o ) .
‘.

TNE tALCULATTnN : ..,(chJ1n)

(LAG% '
00000,0/18. 0“?NUM)*(1 0+0,4)

128

PAY=((0. 06)*LAB}+(0. 2% (LAB+SUP# (1. 0/1 A*MAIN)))

PLDFP= (PI
"EQODEP=EQU
NPCN=PLDE
CWRITE(6,42

26 FORMAT(!
- 'YEAR=20.0-
INT=0.20"

ANCAP= CAP‘((TNT4((1 0+INT)**YEAR))/(((1 0+INT)**YEAR)

D e1.00)
. WRITE(642
27 FORMAT(!

PRICE=5.0
“REVRA=ANC

CWRITE(645
51 FORMAT('

. % BARRELS!
COST REVR

MRITE(6463) COST @ - Y ';%jfjf'

63 FORMAT(!
" % DOLLARS/ -
T1RARREL!' )"

PF+FITT+CINS)/?0 0
1P/20.0 ' ' )
P+EODEP+PAY+MAIN+SUP+LAR+WATER+GAS

6)0PCO B
THE TOTAL OPERATING cnsTs

& ) - -.';

7)ANCAP"

0
AP+0BPCO

ANPRN=365,0%NDAFLO

1) ANPRO - 8
THE ANNu&L PRDDUCTION IS
) L
0 /ANPRO.

THE PIPELINE CHARGF IQ

L

'iz.x'.fag.

RES= ANPRD*ZO 0

o “'RITE(()’JZ
~29 'FORHAT('
: % PIPELINE

9IRES S ' ‘ :
THE RESEVES REOUIRED Tﬂ PHY%ICALLY

THE. ANNUAL'EOUIVALENT CAPITALEcogT";
£ F17.2) . w D !

v

1 FOR’ T”ENTY YEARS',F47 2,51RARRELS') 'lfYVV*f?i‘”

. MELL=FOB-

. UWRITE(6,55) MELL . ¢ ’-,~<s4;.,-e,
55 . FORMAT(LTHE WEEL- ~HEAD PRICE ISy

* DOLLARS/.
.lRARREL')

RETUR=WELL*ANPRO {,‘.,,1-,»;..~ ;=.~w

- .v;i WRITE (6,57 )RETUR - T R
57 . FORMAT(T.
: -5.* DULLLARS') e T R

©3009) CDNTINUE
L END

TRAN:

THE RETURN TN THE PRDHUCER I§

ol - :

_,F17 2) -

'tiéfjizj]fT“‘

N FITI T
CHLFLT2 s




