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R£SUM£ 

Cette étude traite d'une importante question, à savoir la capacité de 

production canadienne de pétrole brut et de gaz naturel. Son contenu 

empirique consiste en une analyse du coGt de production du gaz naturel 

provenant des réserves connues de l'Alberta. Ses résultats sont 

susceptibles d'être importants en ce qui concerne l'analyse de l'offre 

de gaz naturel et même de pétrol e brut. Il s montrent qu I il est 

possible d'introduire explicitement le facteur coût dans l'analyse de 

l'offre. En outre, il permettent de définir une structure, fondée sur 

des considérations d'ordre économique et géologique, susceptible de 

constituer un cadre d'analyse approprié des réserves potentielles. 

De façon très générale, une courbe d'offre décrivant les additions aux 

reserves de pétrole devrait tenir compte des gains découlant des quatre 

activités suivantes: 

(a) accroître la récupération des gisements au-delà des 

p rév is ion s ; 

(b) mettre en valeur de nouveaux gisements déjà connus, mais non 

économiques; 

(c) découvrir et exploiter de nouveaux gisements; 

(d) faire progresser la technologie de façon à creer de nouvelles 

possibilités pour chacune des activités susmentionnées. 
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11 activité décrite en b). Quant a llanalyse des coûts, elle est 

Les recherches dont il est fait état ici portent sur des réservoirs de 
gaz naturel connus et, par conséquent, se rattachent plus directement i 

valable pour celle dont il fait état en c). 

t 'auteur aborde, dans ses éléments fondamentaux, la question de la 

sensibilité de l 'off're de gaz naturel aux variations du revenu net 

réalisé au point dextract ton. Il cherche i établir s Tl existe des 

régularités dans la structure des coûts de production pour des entités 

ou formations géologiques semblables. A cette fin, il procède à une 

estimation du coût unitaire de production de gaz naturel pour chaque 

gisement (coût de mise en valeur) d'un vaste échantillon de gisements 

connus de llAlberta. Ces données sont ensuite utilisées conjointement 

avec d'autres ayant trait aux réserves établies, afin de déterminer la 

structure des coûts de mise en valeur de chaque formation géologique. 

L'auteur analyse ensuite les résultats en établissant un parallèle 

entre les stocks cumulatifs de réserves initiales récupérables et 

1 lestimation de leur coût unitaire de mise en valeur. 

La structure de coûts observée pour chaque formation constitue un 

~l~ment essentiel du cadre utilisi pour procider i llanalyse globale de 

1 loffre de gaz naturel (ou de pétrol e brut). Il est important de 

savoir comment les apports des diverses formations géologiques doivent 

se combiner pour déterminer lloffre globale. Si 1 es coûts de 

production varient relativement peu à llintérieur dlune meme formation, 

il devient alors possible de sien tenir à un seul niveau de coûts pour 

chaque formation. On pourrait alors obtenir une courbe globale des 
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réserves potentielles représentant l'ensemble des stocks additionnels 

de réserves qui deviendraient disponibles à mesure que la hausse des 

prix rendrait les formations rentables dans un ordre de coûts 

ascendants. les augmentati ons de l' offre provi endrai ent en grande 

partie de la mise en valeur de nouvelles formations. Par ailleurs, si 

les coûts d'importants volumes de gaz variaient de façon considérable 

entre les diverses formations, alors 1 'activité de mise en valeur 

destinée à identifier les formations serait aussi une source importante 

de nouvelles réserves au fur et à mesure que les prix augmenteraient. 

la mesure utilisée pour estimer le coût de mise en valeur consiste à 

attribuer un coût à chaque volume de gaz produit, de telle sorte qu'une 

fois le plan de production exécuté, toutes les dépenses auront été 

remboursées. la littérature technique fait état de cette méthode et la 

qualifie de nivellement des coûts unitaires. Elle consiste à diviser 

la valeur actualisée des dépenses par la valeur actualisée de la 

production matérielle. l'estimation du coût exige que l'on ait 

recours à des données qui défi ni ssent certai nes caractéri sti ques des 

gisements de gaz, ainsi qu'à des méthodes d'évaluation des dépenses de 

mise en production d'un gisement, compte tenu de ses caractéristiques 

physiques. 

les éléments les plus importants à prendre en considération afin de 

caractéri ser 1 es gi sements de gaz sont 1 es sui vants: 1 es premi ères 

reserves connerc t ali sebl es , la productivité moyenne des puits (fondée 

sur les résultats des essais), de même que la profondeur et 

1 'emplacement du gisement tant du point de vue géographique que 

géologique. 
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De ces éléments, celui qui est le plus susceptible d'{nf luencer la 

qualité des résultats, est celui des réserves, car si lion sattend à 

ce que le coût de mise en valeur d'un nouveau gisement soit élevé, le 

puit de découverte sera probablement fermé. De cette mani ère, seul e 

une quantité minime de rêserves, slil en est, serait homologuée. Il a 

donc fallu établir une échelle de coûts qui soit telle que lion puisse 

prétendre obtenir des estimations de réserves suffisamment fiables. La 

limite supérieure de T'êchel le a été fixée à 60 cents le millier de 

pi eds cubes. Les gi sements dont 1 es coûts dépassent ce ni veau n I ont 

pas été pris en compte dans llinterprétation des résultats empiriques. 

Lorsqu'on classe par ordre ascendant les coûts de mise en valeur des 

gi sements d I une formati on donnée, ils I en dégage une tendance très 

nette. A mesure que les coûts unitaires successifs augmentent, la 

ta ill e moyenne des gi sements di mi nue sens i b 1 ement. L' augmentat i on des 

coûts donne lieu, par conséquent, à une baisse rapide des réserves 

marginales additionnelles. La hausse des coûts unitaires est en grande 

partie attribuable à des livraisons de faibles montants par rapport au 

taux moyen de production des puits dlun gisement. 

Llauteur analyse les résultats empiriques obtenus en reportant sur un 

graphique le coût relatif à chaque gisement ou groupe de gisements, en 

regard des réserves initiales cumulatives. Cette méthode est semblable 

à celle qui est utilisée pour caractériser les réserves potentielles 

dlun bassin ou dlune formation. Ici encore, une tendance fort nette se 

dessine entre les diverses formations. Dans la première partie de 

chaque courbe, pour une catégorie de coûts de mise en valeur nlexcédant 
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pas 20 cents le millier de pieds cubes, quelques très grands gisements 

pour lesquels ces coûts sont faibles confèrent aux courbes une assez 

grande êlasticitê en fonction du prix offert (soit des valeurs excêdant 

l'unité), mais pour les coûts de 20 à 60 cents, l'élasticité se situe 

autour de 0,2. 

I 

I 

Lorsque di verses formati ons se caractéri sent par des coûts moyens, 

ceux-ci se situent le plus souvent au-dessous de 25 cents le millier de 

pieds cubes. Pour certaines formations, cependant, comme l'Upper and 

Middle Viking, ils sont sensiblement plus élevés. S'agissant de 

l'apparente similitude des coûts entre les diverses formations, il 

convient de souligner que certains facteurs connus pour leur influence 

sur les coûts nlont pu être pris en considération dans cette analyse; 

il slagit, par exemple, de la teneur en soufre et des différences de 

coût attribuables à l'emplacement géographique. Ces facteurs auraient 

en général un effet sur des formations entières, de sorte que leur 

inclusion conduirait à de plus grandes différences de coûts moyens. 

Quant à la formation plus coûteuse que nous venons de mentionner, le 

facteur important est sa capacité nettement plus faible de livraison. 

Les résultats de cette étude pourront influencer les méthodes d'analyse 

des approvisionnements éventuels de pétrole et avoir une incidence 

encore plus directe sur la formulation des politiques en matière de gaz 

naturel. Les courbes qui mettent en corrélation les stocks de réserves 

et le coût de leur mise en valeur ont tendance à être relativement 

plates; autrement dit, à l'intérieur d'un étroit intervalle de coûts, 

l'offre est relativement élastique, mais au-delà, elle se montre très 
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inélastique. Il en ressort qu'une fois obtenu un certain revenu net au 

point d'extraction, une bonne partie des gisements d'une formation 

peuvent être exploités économiquement. En outre, ces gisements 

renferment une part démesurément grande des réserves de la formation. 

Cette derni~re conclusion est encourageante pour l'estimation des 

reserves potentielles d'une formation, puisqu'elle vient appuyer la 

validité des résultats obtenus au moyen des modèles, plus généralement 

reconnus, du processus de découverte. Si l'on trouvai t, cependant, 

dans une même formation, des r§serves considérables i des coOts 

sens i b 1 ement différents, 1 es données qui servent i estimer ces modèl es 

serai ent bi ai sées parce qu' on aurait omi s de reconnaître 1 e potenti el 

des réservoirs comportant des coOts plus élevés. Il s'ensuivrait alors 

une grave sous-estimation du total des réserves potentielles de 

n'importe quelle formation. 

L'observation de la structure des coûts montre aussi que 1 'augmentation 

du revenu net au point d'extraction peut conduire à la mise en valeur 

de nouvelles formations, rendant ainsi disponibles de grandes quantités 

de réserves additionnelles. Mais, pour cela, il faudrait peut-être de 

fortes hausses de prix (ou réductions de redevances). Il en ressort, 

dans l'ensemble, que les réserves potentielles globales doivent être 

cons i dérées comme 1 a somme, sui vant llordre des coûts , des réserves 

potentielles des diverses formations. Cependant, même si 11 auteur a 

observé une régularité de la structure des coûts dans une même 

formation, rien ne permet de postuler qulil existe une structure 

quelconque de coûts pour une région entière, clest-à-dire pour 
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1 'ensemble des diverses formations. 

empiriquement en combinant ces formations. 

Il faut 1 a détermi ner 

Il n'est pas possible d'évaluer le potentiel des nouvelles formations 

au moyen des techniques employées dans la présente étude. Ce potentiel 

n'en constitue pas moins, cependant, un bon indicateur de 1 'offre 

globale. Pour effectuer l'analyse de l'offre, il faudrait étudier 

individuellement chaque nouvelle formation tant du point de vue des 

coûts que du volume potentiel des réserves, ce qui serait d'ailleurs 

possible grâce aux techniques d'estimation des coûts qui sont d'ores et 

déjà disponibles ainsi qu'aux modèles connus du processus de 

découverte. 
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SLM1ARY 

Th i s stud>' r-elate:- to the br-oad qu e s t i cn o f Can a da rs abi Ii ty 

to pr-oduce crude oil and natur-al gas . Its emp i r- i c a I con ten t 
... 

consists of an analysis of the cost of pr-oducing natural gas 

from known reservoirs in Alberta. The resul ts of the study 

may h av e br-oad 

even cr-ude o i I 

impl i cat i on s wi th r-egar-d to n a t ure l gas and 

supply. They demon st r a t ë the feë<_:-i bi Ii t;v of 

explicitly 

establ ish 

introducing cost when analyzing supply. They also 

a structure, based on economic and geological 

considerations, wi thin which to analyze reserves potential. 

In most general form, a supply cur-ve depicting additions to 

petroleum reserves would have to account for gains resulting 

from four activi ties: 

(a) Ln c re a s i n ç p oo l re c ov e rv above the level p re v i ou sl v 

expected; 

<b) developing new pools, previously Known but 

uneconomic; 

(c) finding and developing new pools; 

(d) advancing the state of technology so that new 

opportuni ties are created for any of the preceding 

activities. 
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reported resear'ch here concerns Known natural The gas 

reservoirs, and therefore relates most directly to activi ty 

(b) • The cost analysis is relevant, however to activity (c), 

finding and developing new pools. 

The question of the potential responsiveness of natural gas 

supply to changes in wellhead real ization is approached at a 

v e rv basic level. The aim is to establ ish whether, or to what 

ex ten t , r e çu I ar- it i e s ex i s t in the structure of production 

costs within geologically simi lar entities, or formations. To 

do th i ~., the unit cost of producing natural gas from Known 

pools (development cost) 

sample of Alberta pools. 

is estimated, by pool, for a large 

Th i s c os t i n f or-rna tion is IJ se d 

i n+orrna t i on about e s t ab l i shed reserves in order 

to determine the structure of development costs for individual 

f or-ms t i on -;: .. The results are analyzed by relating cumulative 

s t cc k s of in it i al recoverable reserves to estimated uni t 

development cost. 

The cost structure observed for individual forma t i on s i s 

c ru c i a l as part of the framework advanced for the overall 

o+ natural a n d, I )' s i s gas (or crude oil) supply. I t 

i rnp or- tan t to k n ow how the contributions of individual 

formations should be combined in order to present the complete 

su p ply pic tu r e • there i s relatively little variation in 

p rcduc t ion c o s t wi th ina format i on, it waul d be feasi bl e to 

associate a level of cost with each formation. An overall 
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range with i n format i on 'E. , then development activity in 

reserves potential curve could then be obtained as the array 

of additional stocks of reserves becoming available as higher 

prices made formations wi th successively higher cost levels 

economic. Supply increases would be largely attributable to 

development activity in nelJ,1 formations. On the other' hand, if 

costs for substantial volumes of gas vary over a significant 

establ ishing formations would also be an important source of 

reserves addi tions as prices rose. 

The measure of development cost that was employed can be 

thought of as the attribution of a cost to each unit volume of 

gas produced, such that when the production plan is fulfi lled 

all expendi tures wi 1 1 have been repaid. This cost measure 

finds app l i c a t i on i nth e eng i ne eo r' i n g 1 i ter' a t ur' e wh eo r· eo i t i 'E. 

some time s r· e f eo r· r· eo d to a 'E. 1 eo v eo 1 i z eo dun i t cos t . Th eo f ormu I a for' 

its calculation takes the form of the quotient of the present 

value of expendi tures and the present value of physical 

output. 

+e a t ure s 

Cost estimation requires both data describing certain 

of gas pools and methods for estimating the 

exp end i tu r· e 'E. th a t mu 'E. t be made top r· odu ce a pool, g ive nit s 

physical characteristics. 

Cr-u c i a l input data describing gas pools include in it i al 

marketable reserves, average well productivity (derived from 

we 11 test re su l t s i , depth, and location (both geogr'aphical and 

with respect to the formation in which a pool occurs). Of 
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these the measure which causes most concern as a possible 

source of bias in the results is that of reserves. This is 

because when the development cost of a newly discovered pool 

is expec ted tCI be high the d i s c ov e r-v we 11 i s 1 ike 1 y to be shu t 

in. In this situation on l » a nominal quantity of reserves, if 

any at all, will be e s si çn e d , For this. reason, it was· 

necessary to define a cost range within which it could be 

expected that the r·eser·ves e s t Irna t e s were rel i ab l e , The upper' 

bound of this range was set at 60 cents/Mcf; pools with costs 

above th i s· 1 e~Je 1 

re su l t s .• 

ignored in interpreting the empirical 

When development costs for pools in a given formation are 

c l e s.s i+r e d according tCI i n c r-e e s i nç cost level, a c on s i s t e n t 

pattern emerges. With successively higher uni t costs there is 

a rnark e d dec1 ine in mean size of pool. As a resul t t h e re is a 

rapid fall 

higher' cost 

in incremental reserves addi tions as successively 

levels are attained. Increasing unit costs are 

l ar-çe l v a t t r-i bu t ab l e tel lower values of del l v e rab l 1 it>', the 

mean production rate of wells in a pool. 

+or-ma t i on. Again a consistent pattern emerges across 

The emp i rj c a l results are analyzed by plotting the cost 

a ss oc i ated 

cumulative 

l.'J i th 

initial 

each pool, or group of pools, against 

reserves. This is ana1agous to the format 

used when characterizing the reserves potential of a basin or 

format ions .. In the in i t i a l portion of each curve, for a 
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category of development costs not exceeding 20 cents per Mcf, 

a few low-cost, very large pools cause the curves to be quite 

elastic with respect to supply price (values in excess of 

un i ty), bu t in the range of costs from 20 cents to 60 cents 

the elasticity is around 0.2. 

When i nd i v i du a I formations are characterized by average cost 

levels, most are below 25 cents per Mcf. Some, however, are 

significantly higher, notably the Upper and Middle Viking. In 

connection with the apparent simi larity of cost levels among 

rno s t +or-met i on s, it sh ou l d be noted that some factors known to 

have a bearing on cost could not be included in this analysis; 

examples are sulfur content and cost differentials relating to 

geogr'aph i C I oc a t i on . These I.IJOU Id generally affect entire 

forma t i on 'E. , S·CI that the-ir' i nc l u s l on would cause gr' e a. ter' 

di ffer'ences arnon ç av e r· age c o s t s . For' the higher cost 

f orma t ion .just mentioned, the imp or- tan t fac tor' i 'E. 

sub st an t i a l l v l owe r- del i v e rab i l i t v . 

implications w i t h re qard to the 
\ 

analysis of potential petroleum suppl ies as weI 1 as some more 

The study results have 

direct relevance to natural gas pol icymaking. The curves 

relatively flat; i not her' wor· ds, wit h ina n ar r ow cos t r· an ge 

relating stocKs of reserves to development cost tend to be 

supply is relatively elastic, but beyond this range it is very 

inelastic. This indicates that once a threshold weI lhead 

re a l i z at i on h a s been obtained, a lar·ge sh are of the discovered 
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pools 

Fur' t h e r-rnore , 

in a forma t i on becomes economic to produce. 

these pools contain a dispfoportionately large 

share of the reserves of the formation. 

The conclusion just noted is encouraging wi th respect to the 

estimation of potential reserves within a formation, since it 

su p P or' t s· the val i dit y of r- e su 1 t s de r· ive dus. i n g the rnor- e wide I y 

accepted discovery process models. If instead substantial 

volumes of reserves were found at significantly varying cost 

I eve Is. within a formation, the data which are used in 

estimating these models would be biased because of fai lure to 

recognize the potential of higher cost reservoirs. This would 

lead to severe understatement of the ultimate potential 

reserves of any formation. 

A fur t h e r 

increases. 

development 

quantities 

i nc re a s.e s 

substantial 

aggr·ega te 

impl i cat i on of Hie ob s e rve d c o s t s t ru c ture is that 

in tNe 11 head real i z a t i on may result in the 

of new forma t i on s, thus rnak i ng available large 

of additional reser·ves. For' this to happen, price 

( and/or' royalty may have to be re duc t ions) 

The overall picture which emerges is that 

re se r-v e s p o t e n t i a l must be v i su a l i z e d as the 

summa t i on, or· de red b>' cost 1 e-ve t , of the r e s e r-v e s poten t i a I of 

individual +orma t ions. Howeve-r, while a regularity of cost 

structure has been observed within formation, the-r'e is no 

basis for posi ting any particular cost structure for an entire 

region, tha t is for the aggregate of individual formations. 
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It must be establ ished empirically, through the combination of 

individual formations. 

The potential of new formations cannot be assessed by the 

techniques employed in the present study. However, it does 

provide a basis for approaching the analysis of aggregate 

supply. Such analysis will have to proceed by individually 

analyzing the newly emerging formations, both as to cost level 

and potential volume of reserves. Such a procedure is 

feasible~ given the techniques of cost estimation which have 

been demonstrated together with already establ ished discovery 

process models. 
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to produce crude oil and natural gas. Its empirical content 

J • INTRODUCTION 

Th i s s t u d» r·elate~. to the br o s.d question clf Can a da rs abi 1 i ty 

consists of an analysis of the cost of producing natural gas 

from Known reservoirs in Alberta. The resul ts of the study 

h 2<.1) E' imp 1 i cat i on s· wit h r· e sp e c t 

addi tional reserves of natural 

to the economics of securing 

gas and, by extension, crude 

o i 1. dernon s t r ë t e the- feasibility of ex pli cit I y 

introducing CCISt considerations. The-y also establ ish a 

structure, based on economic and geological factors, within 

which to analyze potential reserves. 

It lNi 11 be u s.e+u l to pI a.ce the r e se arc h wh i ch n a s been c arr: i ed 

ou t in conte-xt by briefly discussing two matters: (1) the 

significance to pol icymaKers of i n f or-rna t i on of the s or- t 

c onv e v e d by economi s t s" suppl I' c ur-v e s ; and (2) the di ff i c u l t~,· 

of sp e c i+v i n ç such c urv e s for' a re s our c e 1 i k s p e t ro l e urn . The 

remaining task of this introductory section will be to 

indicate the more specific questions addressed by the study. 

The relationship between quanti ty of output forthcoming (or 

stock avai lable to be produced) and price level -- the supply 

curve -- i~. fundamen ta 1 to all mark e t ana 1 ys is. Supp 1 y curves 

c an be +l a t ; this occurs when a good is manufactured using 



inputs which ar e ava il ab l e in any desired quantity at 

unchanging price, assuming that adequate time is allowed to 

establ ished proou c t i ve c ap ac i t v , In contrast, natural 

re s our-c e commod i t e s are usua 11 y a s s oc i a ted VJ i th upward+ s lop i ng 

supply regardl e s s of time frame. This 

characteriz~tion, Ricardian scarcity, is derived from the 

premis€' of a fixed natural en dowme n t V,I i th i n wh i ch the rei s 

qua 1 i t » 1,1 ar- i at i on . A distinction must be drawn between th€' 

true stat€' of nature and man/s Knowledge of it, above all for 

petrol€'um. This distinction conditions the results of this 

study even though the study does not deal with the discovery 

p roc e ss , 

t"luch time is wasted by discussions of resource pol icy which 

impl icitly assume a vertical 

resource endowment is a fixed amount p e t ro l e urn at an)' 

pro i ce. As has been truly said about other resources in other 

places, crude oi 1 or natural gas stocKs in Alberta will never 

be e x h au st e d , What matters is how much there is to be used 

before costs become so high that alternative materials are 

more attractive. More part i cul arI Y, Key pol i c v issues 

c onv e rqe on the extent to wh i ch a +a s t e r- ra t ë of ut i l ! z a t i on 

o+ c ru de 0 i I or natural gas wi I 1 force producers to turn to 

higher cost sources. Putting the matter the other way round, 

if producers were granted higher wellhead real izations, to 

what extent would reserves -- that is, producible stocks (and 

productive capacity) -- be expanded? 

2 



In concept, knowledge of crude oil or natural gas supply 

curves would maKe possible better decisions relating to a 

number' of poi i c v que s t ion: .• The impact of the field prices 

allowed producers~ in conjunction with the burden of royalties 

levied upon them, is determined by the underlying structure of 

cos t s .. As recognized by the National Energy Board (NEB) ~ the 

opportuni ty cost of exports depends not only upon recovery of 

expendi tures related to production, but also upon the cost to 

Can a. d CI. 0 f a. n ear· 1 i e r· nee d t CI t u r· n t CI h i g her' c CI s t :.0 u r· c e s 0 f 

sup p i v , The Board's estimates of cost increases~ however~ are 

simply made on a trend basis. LI n f CI r· tun ate 1 y f CI r· pol i c vrn a I< e r· :. , 

n at ure reveals her' grudgingl/; se c re t ,:. supp 1 :., 

Information is costly to obtain. 

In most general +orm , a supply curve depicting potential 

petroleum reserves would have to balance depletion against the 

addi tions resui ting from four actlvi ties:[lJ 

( a) Inc r· e· ... :· i n g poo I r· e c ov e r y abov e the 1 eve 1 p r· e v i CIU:. I )' 

expected; 

(b) developing new pools, previously Known but not 

p ro du c i ng; 

Cc) finding and developing new pools; 

Cd) advancing the state of technology so that new 

opportuni ties are created for any of the preceding 

ac til) i tie s . 
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Each the possible sources of new reserves requires 

investment, and ina 1 1 cases the return, in the +or-m of 

reserves additions, is uncer·tain. Dealing witrl uncertainty is 

a fundamen t a l problem in specifying petroleum supply curves. 

The research reported here is based on known natural gas 

re s.ervo i rs : it rela.tes to ac t i v i t v (b) but also tCI activity 

(c) a s IAlell The uncertainty involved in gaining reserves 

add i t i CI nsf r om act i vit y (b) i s 1 e s· s· t han for act i vit >' (c), but 

une e r ta i n t v iss till P r· e se nt. To be ce r ta i n of the magn i tude 

of re s.e rv e s in a nell -, 1 p oo l and their unit p rodu c t i on c o s t it is. 

necessary to dri! 1 suff ici e n t well s tCI del i neate the poco]. 

Nor-rna l 1 Y, this only occurs when such weI Is can be immediately 

placed in production, since otherwise private producers cannot 

.i u st i+v the e xp e n d i t ure . As a result, defining the supply 

curve relevant to decisions that involve future commitments 

(beyond the range of current production) always requires 

estimates of magni tudes which are not known with certainty. 

Although presented as a problem of supply curve specification, 

this s· i tua t i on liJ ill be recognized in the large as the 

p r· e die arne nt gas .. 

Approva.l for output expansion, for example for exports, 

re qu i r·es· an i n c r-e a s e 

requ i re d to e s t ab l i s.h such st oc k s l .... li th the requ ired cer·tai n t » 

cannot be .Justified unless output opportunities -- in other 

words, markets -- are assured. The resolution of this di lemma 

I ies in developing a more comprehensive analysis of supply. 
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or to what extent, regularities exist in tri e 

Acceptance o f establ ished reserves a~· an appropriate supply 

measure, even though figures are periodically updated in 

accordance with economic condi tions, effectively ignores the 

p o t s n t i a l for increasing reserves stocKs by the various 

investment ac t i v i t i e s just listed. 

In this s t udv , the qu e st i cn of the potential r-e sp cn s i : . .!ene~.s of 

natur·a.l ga~. s.up p l v to changes. in lAlellhea.d re e l i z a t i on is 

approached at a very basic level. The aim is. tc. e s t ab l ish 

structure of development costs within appropriately selected 

sampl e p op u l at i ori s of r e s e r-v o i rs. The del i neat i on o f sampl e 

populations rests on geological considerations. That regular 

cost patterns. do exist is implicitly or explicitly assumed by 

models used to forecast addi tions to reserves stocks. The 

study examines the nature of these regularities, or patterns, 

through the use of historical data from the province of 

Al ber' ta. 1 t i:. c onc e rn e d , t h e r e+or-e , v,li th es.tabl ish i ng the 

geological-economic f r amewor· k for analyzing addi tions to 

petroleum reserves. 

The e-lemental un it of ana 1 ys. is i~. the re s.e rv o i r', or p oo l , 

Reserves data are tabulated by pool, and wel 1 flow rates 

wi thin a conventional p o o l are interdependent, even though 

they may differ marKedly in magni tude. There are hundreds of 

pools in Alberta, and the development cost estimates by pool 

must be viewed in a statistical sense: general patterns are 
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significant, and accuracy cannot be claimed for particular 

p Coo I :- . 

In the analysis pools are grouped according to formation, a 

classification IJJhich in concept r-et I ec ts geol og i ca 1 

homogene i t v . The grouping of pools by formation is a matter 

of c on s i de r ab I e anal yt i cal significance, because the 

p o s s i b i l i t v o+ for-ecasting the magnitude and c os t o+ un c e rt a i n 

s t oc k s depends upon i dent i fyi ng populations where the 

c h arac ter' i st i c individual members vary in systematic 

fash i on. For- e x amp le, the r- e i s- c on s i de r- ab I eli ter a t ure wh i ch 

s.upp or-t s the h vp o t h ë s i s t h a t wi thin gecllogically h omcqe ne ou s 

s e d i me n t s , the size of petroleum deposits can be described by 

a. 1 ogn or-rna 1 p r- ob ab iIi t y dis. t r- i bu t i on . ( 2] 

A principal objective of the study is to examine how 

production costs vary within formations. In gener-al, the mor-e 

v ar- i e d the p hv s i c a l characteristics of resource deposits 

(differing grade, size. or location), the greater the range of 

uni t costs that might be associated wi th increasing supply. 

At p re s e n t , there i s on 1 y 1 i mit edt h eor- et i cal bas. i <,:;- for 

predicting the range of cost variation within a gas-bearing 

formation or the pattern of variation. Thus these are matters 

tor- emp i r i cal i nv e st i gat i on. 



In the study, the unit development cost of producing natural 

gas from Known pools is estimated, by pool, for a large sample 

of Alberta pools. This cost information is used in 

conjunction with information about establ ished reserves in 

or de r· to determine the structure of production costs for 

i n div i du a I f or-rna t i on s .• The results are analyzed by relating 

cumulative stocks of initial recoverable reserves to estimated 

un i t development cost. These schedules, or curves, are 

described more fully in Chapter 2. Because the reserves data 

cannot be p re sume d to be compl ete for' r-e s.e rv o i rs wh e re 

development costs exceed 60 cents/Mcf, this upper limit is 

placed upon the re l iabi lit>' of the re su l t': .• The- n a t ure o+ the 

data used is discussed in Appendix A. 

The cost structures observed for individual formations are 

crucial as part of the framework advanced here for analysis of 

the n a t ural If 

t h e re is relatively little variation in de-velopment cost 

within a +orm a t i on , it wou l d be fe-a,:.ible to a ss oc i a t e a level 

of cost wi th each formation. The response of supply to 

economic inc e nt ive- s wou 1 din th i s ca s e be v i su a liz e da,:. the 

i n c r eme n t s of re s e r-v e s becom i ng av a i I abl e as higher 

made it attractive to explore and develop 

which we-re previously uneconomic to produce. 

Establ ished formations would contribute only insofar as higher 

real izations sustained exploration effort even though the 

,:. i z e of di sc ov e r- i es had become ve-r'y small. 
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significant range wi th i n forma t ions, then establ ished 

contrast, if costs for substantial volumes of gas vary over a 

formations would be a much more important source of reserves 

with higher real izations. Large pools, previously uneconomic, 

could constitute very subtantial reserves increments. 

Succeeding sections of the paper describe more completely the 

hypotheses about cost structures which have been examined and 

t h e prj nc i p a l results which have been obtained. I mp lie a t i cm s 

of the resul ts are discussed with regard to the nature of 

reserves potential curves for' individual formations and the 

significance of this for the analysis of the reserves 

p o t e n t i a l of a basin or region. A comprehensive description 

of the costing methodology and the data used is provided in an 

appendix; appendices also provide more detailed reporting of 

the empirical resul ts. 
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2. RESERVES POTENTIAL: POSSIBLE COST STRUCTURES 

The manner in which costs vary across pools within a formation 

depends on such geological factors as size of pool, well 

productivity, and depth. The resulting pattern of costs 

de term i nes the ex ten t to wh i ch higher we 11 head re a 1 i z a t ions 

make I ar'ger' v o l umes 

produce. Al t e rn a t i ve 

of natural gas potentially profitable to 

hypotheses may be advanced as to' the 

nature of the cost structure, but before turning to these 

p o ss i bi 1 it i es it is necessary to gi ve careful c on s i derat i on to 

the rne t h od of analy:.is uti 1 ized in this s t u dv . 

The p o t e n t i a l for natural gas reserves to be increased in 

r- e sp on ,:.e to econom i c incentives can best be expressed as the 

cumulative stocK of reserves which are economic to produce at 

a gi'v'en level o+ well head re a l i zat i on s , Th i s re sp on se can 

also be described i n terms of p ric eel as tic i t).': the 

p e rc e n t açe i n c re a s e in stocKs associated wi th a percentage 

increase in price. The results of this study are presented as 

both schedules and curves which show cumulative in it i al 

establ ished r-e s e r-v e s a:· a function of lAlellhead real i z a t i on s t 

elastici ty values are also estimated. 
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----------------------------------- 

The distinctions between this analysis of the cost structure 

of petroleum stocKs and conventional supply analysis should be 

flow,: .• For' examp le, the rate of output of natural gas might 

ernp h a s i zed. Supply curves typically depict rate of output at 

a given price level; that i,:. to say, they are concerned with 

be expressed as a function of supply price, or one might 

attempt 

price. 

to depict rate of reserves additions as a function of 

Secondly, supply curves normally depict availabil ity, 

according to cost, at a point in time. The results presented 

here describe s t ccks of in it i al establ ished reserves. 

"Tn r t i a l " indcates that volumes of gas which have already been 

produced are not subtracted. "Establ i sh e d" indicates that the 

only reserves which are counted are those which have been 

identified with near certainty; reserves which might be 

present are not included. These resul ts describe, therefore, 

the original state of nature with respect to stocKs of gas in 

a particular formation as it has been revealed by the 

exploration which has taKen place. 

briefly discussed in Appendix C. 

Remaining reserves are 

The curves (or schedules) derived in this study are similar in 

concept to the reserves potential curves which have been used 

in petroleum industry studies to show the estimated reserves 

potential for' unexplored b a s i ns. (1) The results here, 

hOlA'ever, describe real ized potential. Where a particular' 

formation has been well explored, the initial reserves which 

have been booKed may comprise a good approximation of the 

1(1 



potential 

f or-rna t i on 

reserves of the formation; for a 1 ightly explored 

wi II not. Inasmuch as forecasting the 

potential of a particular formation is beyond the scope of 

this stud>', it would be misleading to describe the derived 

curves as reserves potential curves. However, to the extent 

that this study has produced conclusions about the structure 

o+ c o s t s , 

p o t e n t i a l . 

be relevant to forecasts of reserves 

The cost s t r u c t ur-e within formations wi 11 

geol ogi cal factors which condi tion cost. 1,.0,11"1 end iff ere n t 

hypotheses are advanced in regard to geological patterns, 

different possibi 1 i ties emerge wi th respect to the reserves 

a given formation. To 

ill u s t r a t e , two situations wi 1 1 be considered, which can be 

considered extreme, or- polar', p o ssi b i Ii tie: .• [2J In the +i rs t 

case, assume that uni t production costs are uniform for 

r es.e r-v o i rs l·oJ i th i n a +orma t ion, except for differences 

at + r' i bu t a b l e to reservoir size. In this case there is minimal 

i n c re a s e in i n c rerne n t a l cost (or supply price) as successive 

pools are developed in a formation, but supply price will vary 

among formations. The second case relaxes this assumption, 

specifying uni t cost wi thin a formation to be a function of at 

1 e a st one other parameter beside reservoir size. A parameter 

th atm i gh t be 

p rodu c t i vit>'. 

identified as being important is average well 

1 1 
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In the 1 iterature on petroleum supply, attention focuses on 

the variable reservoir size. As noted in Section 1, empirical 

support has been developed for the hypothesis that pool sizes 

are distributed according to a sKewed probability function, 

u su a l l v ch arac t e r- i zed as 1 ognor·mal. SKewness impl i e s that the 

bulK of all reserves wil I be found in a few pools, magnifying 

the importance of the size variable. 

is al so 

Nevertheless, to specify 

necessary to Know the r e s e rve s potential i t 

incremental cost at which pools can be produced. Pool size is 

among the factors which influence cost, but it is not the only 

+ac tor'. 

I t is hypothesized that the size distribution of pools in a 

+orma t i on can t,e specified a.s shot .... n in Fi çure 2.1, panel (a). 

Poo l s. i nth e r· i gh t -h an d ta i I of th i s dis t r· i bu t i on wou I d 

account for the bulk of the gas in place. Assuming pool size 

to be the I:.nly +ac t or be ar-i n ç on produ c t i on c o st , unit 

costs. for' these larger pools would be relatively low and 

ap p rox i rna t e l » equal. 

a reserves potential 

This is. shown in Figure 2.1, Panel (b), 

curve under these assumptions. With 

smaller pools production costs increase. However, since these 

pools contribute a relatively small fraction of the total 

recoverable gas in the formation, incremental development cost 

rises sharply only toward the rght-hand end of the supply 

curve when the smaller pools are exploited. As the formation 

becomes totally developed, the inventory of pools wi th proved 

r e ser-v e s approaches the distribution in panel (a). Pools in 
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the size c on t r i bute the extra r·eser·ves ~ I, shown 
in panel (b). 

significantly affected by well productivity as weI I as pool 

Next, assume unit production cost within a formation to be 

size. This second case wil I be described with reference to 

Ft çure 2.2. It is assumed that pools within a formation have 

the same size distribution as in the previous case, so panel 

(a) has the same shape as the corresponding panel in Figure 

a tt r· i bu t ab le t o di ffer'ence-s in well produc t i 'v'i t v . To 

2 • 1 • Howe-ver, suppose there is significant variation in the 

production costs of individual reservoirs within the formation 

emphasize the possible distinction between the two case-s, 

assume that weI I productivity is not highly correlated with 

r· e se r v 0 irs i z e . 

In these circumstances supply from the formation wi I I be as 

p o t e n t i a l curve of Figure 2.1 in that it is upward sloping 

shown in Figure 2.2, panel (b). It differs from the reserves 

over its entire range. Whe-reas in the former case the bulK of 

producible reserves in a formation would be-come economic once 

a t nre s.h o l d net wellhead re a l izaton was attained, n ow 

s.u c c e s.s i v e l v higher' real i z a t i on s ar·e re qu l re d in orde r- to 

stimulate the p rodu c t i on of larger' shares of the potentially 

p r- odu c i b I e r·es.er·ves .. In Figur'e 2.2, panel (b) , at the in it i a I 

price to r e se r-v e s are forthcoming in the amount ~ wh il e at 

the higher' pro i ce /. the s t oc k of reserves wi I I t,e ;( • 
I / 
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The situation with respect to pools can be seen in Figure 2.2, 

panel (a). With the higher price, reserves in the formation 

are augmented not just from the small pool sin the S,So s l ice 

in add it i on. p oo l s over' the fu 11 size range now be c orne 

economic. For example, a large reservoir, because of its low 

weI I productivity, may have high production costs which cannot 

be covered at the price ~. If they are covered at price~, a 

large increment will be added to reserves. 

The nature of actual cost structures -- whether similar to 

either of these extreme cases or somewhere in between -- is of 

concern when determining how to proceed with analysis of 

petroleum supply. In par·ticular·, if the cost estimations 

procedure proves robust and should the first case receive 

su p p or· t c re l a t i v e uniformi ty of development cost wi thin 

+or-rns t i on s : , cons i de rab l e i rnp e t u s would be given to a 

disaggregate approach to petroleum supply estimation, one 

involving existing discovery process models together with 

development cost estimation. Should the second case receive 

sup p or- t , the disaggregate approach would be much more complex. 

No t would models describing cost variation wi thin 

formations have to be developed, but doubt would be cast on 

t h e v a l idi t v of e s t i rna t e s o f r-e se r-v e s v o l urne s arr-i v e d at using 

existing discovery process models.(3l 
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3. INITIAL ESTABLISHED RESERVES: OBSERVED COST STRUCTURES 

Cost and reserves data have been organized to permit analysis 

by formation and across formations. To explain the results it 

be helpful to maKe reference to several par tic u 1 ar- 

f or-rna t i on s .• Reserves by cost category for Viking Sandstone, 

tvlann~J ill e , 

f or·ma t i on s· 

and Rundle are reported in Table 3.1. These 

ar· e arnon g the 1 arges.t in terms of reserves; 

their se 1 ec t i on is arbitr·ary. Less. de ta il e d 

results are presented in Appendix 8 for twenty-one formations. 

Column 

ten-cent 

Ccol urnn 2 

of Table 3.1 classifies unit development costs by 

in ter'va I'!: .• The average cost figure reported in 

is computed by weighting the cost figure for each 

in the particular category by that pool's share of total 

re s e r-v e e . Column 3 shows the volume of Known reserves in the 

data set which fall into each interval. The pattern that 

stands out 

c o s t s t h e re 

i n T ab I e 3. 1 i s th a t lAI i th su c c e s<::· ive I :~' rd gh e run i t 

t s a sh arp decl i n e in mean s i z e of pool (Column 

10) . This pattern is less pronounced for number of pools, but 

the number does decl ine substantially when unit costs rise 

about 50 cents/Mcf. The sh arp dec I i ne in mean pool size, 

eventually reinforced by decl ining number of pools, causes a 
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rapid fall in incremental reserves as successively higher cost 

levels are attained. This effect, seen in Column 3, is 

emhasized in Column 4 which reports cumulative reserves 

(expressed as a percentage of the total) producible at cost up 

to and including the given level. 

Aver'age lIJell pr odu c t l v i t v (Col. 8), average depth (Col. 9), 

and mean size of pool (Col. 10) are all factors which were 

identified in the previous section as affecting cost. Average 

we 11 productivity is derived from the well productivities 

calculated for each pool in a given category. These values 

are averaged, weighting each by the share of reserves in that 

For each p oo l , average well productivity is simply the 

mean of the productivi ties of all wel Is in that pool for which 

there are data. Taking Viking Sandstone as an example, we1 I 

productivi ty fal Is with perfect consistency as cost rises to 

60 cents per Mef, and the trend continues to the one dollar 

l e v e l , Ex c e p t for the greater values observed in the 40 to 

60-eent range, depth remains within a fairly narrow band. 

Productivi ty thus emerges as the predominant cost-determining 

f act 0 r· , not sur' p ris i n gin 1 i g h t 0 f the wa >' t h e cal c u l a t ion s 

ar- e made. In the highest cost categories, pool sizes tend to 

ver· y srn a I 1 . Here scale effect relating to one-weI I be 

indivisibility can lead to very high estimates of cost. 

Wh il e the inverse relation between well productivity and cost 

was the most prominent one observed over the formations that 
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were examined, depth and size effects may explain particular 

compar i s on s . A fact that must also be borne in mind is that 

the size measure differs from the other two in that individual 

pool values bear equal weight (unI iKe the size-weighted 

averages computed for productivity and depth). Consider, for 

example, in Table 3.1(a) that the inverse relation between 

productivity 

the 70 to 

and cost appears to be violated when one reaches 

80-cent category. Average (weighted) well 

productivity is about the same as that of the 40 to 50-cent 

categpry, and average (weighted) depth is substantially less. 

The higher costs must, therefore, result from the much lower 

reserves. per' pool in the 70 to 80-cent c a t e çorv , which br-i n ç s. 

about of the pools the diseconomies of the 

unde r-u t i l i z e d single ~oJell. As a further example, note that 

the $1 .20 $1 .30 to category displays higher average 

poductivi ty than those preceding it. However, it is somewhat 

deeper; also, except for the immediately preceding category, 

it comprises smaller pools hence, the lumpiness effect again. 

Table 3.1 provides some information about the production 

status of the pools in the different formations. Column 6 

records the percentage share of pools never in production and 

Column 7 records those pools which began producing only after 

Januar'y 1, 1976. Higher cost pools could only have been 

profitably placed on production after wellhead real izations 

rose to levels that covered cost. When this happened there 

may sti 11 not have been opportunities to marKet the gas. 
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fhe cost figures in Table 3.1, expressed in 1980 dol lars, may 

be compared to the returns that have been available to 

na t ura I gas, inA I be r- ta. Table 3.2 shows 

breaKeven l ..... ellhead r e a l i z a t i on s , expressed in 1980 dollars" 

for the years from 1970 through 1980. This Table indicates, 

on av e ra çe , the return avai lable to cover development cost. 

The upward adjustment of the nominal values reflects the fact 

that capital and operating costs have escalated over the 

d, t the br' e ak e',} e n poi nt i n 1 970, wh i ch 

would have had a development cost of 12.4 cents/Mcf, would 

have experienced a cost of 31.4 cents/Mcf in 1980 dollars. 

Analyzing the production status of pools in a formation in 

light of price-cost circumstances provides a means of testing 

the reasonableness of the estimated costs. For example, one 

would expect that pools whose development costs are relatively 

high wou l o be more likely tCI h av e been placed in p rodu c t i on in 

the I at ter' p arf o+ 1970 to 1980 period, given the 

s ub st an t i al i n c rë a s ë in lAie I I head re a I i z a t i on s. Th i $, type of 

analysis must, however, be restricted to general trends rather 

than being pool-specific. For example, the estimated wellhead 

r'l? a liz d, t i on s in Table 3.2 are net of gas procl?ssing costs, 

which were computed as an Alberta average. Therefore, where 

specific pools contain gas with a high sulfur content, this 

gas could be less valuable than 

r' e a liz a t ion. 

indicated by the reported 
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Fur t h e r-mor-e , it should be reiterated that thus far primary 

attention has been devoted to the variation in c os t s 

attributable tn p h x s i cal fa.ctors. With regard to the 

level of c o s t s , the reported figures are probably low. 

For example, no allowance has been made for gathering costs. 

Pe r' h ap:. mor' e important, as discussed in Appendix A, the ratio 

in i t i a.l planned \) . .Ie1l productivi ties and AOF test 

resul ts that was used was high relative to the estimate of 

industry experience; a more conservative assumption would 

raise the cost estimates significantly. 

Information for analyzing the production status of pools is 

col l.e c ted in Table One would expect t o ob s e rv e a 

tendency for the percentage share of pools never in production 

to rise wi th higher cost categories. Very low cost pools 

would always have been economic to bring into production. 

Houis \) e r· , some of these may only have been discovered in later 

years, so that they could only have been placed in production 

a+ ter' 1976 or they may have yet to produce. The higher cost 

pools -- for example, categories between 60 cents and $1.40 -- 

would only have become economic to develop after 1974. Pocol s 

with development costs higher than $1.40 have always been only 

marginally economic. 

Taking the figures for Viking as an illustration, the pattern 

cof produc t i on status by cost category is generally as 

expected. .Ju s t twelve percent of pools in the 0 to 20 cent 
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cost category have 

forty-two percent of 

greater than $1.40~ 

Sixty-seven percent 

category 60 cents to $1.00 were ei ther placed in production 

only after 1976 or sti I I awaiting producing status; the figure 

was about the same for pools in the $1.00 to $1.40 category. 

never been placed in produc t i on ~ wh il e 

pools in the highest CCI~.t category~ 

have not been placed in produc t i on. 

of p oo l s wi th development c CIS t s in the c 

Appu'ent anorna l ies ap p e ar-i n ç in Table 3.3 r a i se que s t i on s . A~. 

a l r-e a dv noted. some low or intermediate cost pools may never 

have been produced because they were recent discoveries. 

There may not have been time to develop them~ or there may not 

have been marKets to Justify development. One might wonder, 

however, why some intermediate cost pools (60 cents to $1.00, 

$1.00 to $1.40) were in prnduction before 1976~ or why pools 

w i t h costs. çr-e a t e r- than $1.40 ha')e ever- been placed in 

p r (0 duc t i CI fi • There are several possible explanations. First, 

the allowance for sunk costs In one-well pools may be too 

small; wher-e the actual incremental cost of placing a 

it may have been in production was low, 

to produce a pool identified here as high cost. 

More generally, factors other than those taken into account 

may have- affected costs for particular pools. For example, a 

pool may have been c on ven i en t 1 y 1 oc ate d for dr i I lin g 

operations or economies of scale may have been gained in a 

pool where a number of development weI Is were required. In 

either case the calculated cost would have been overstated. 
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Finally~ t h e re is uncertainty about reporting conventions; if 

small quanti ties of gas were produced for test purposes and 

then a well was shut-in, it may still have been classified as 

having been on production. 

The discussion of development cost estimates for pools within 

a formation has been carried out wi th reference to Viking 

Sandstone, Mannvi I le~ and Rundle formations, but some comments 

should be made regarding the twenty-one zones for which 

results are reported in Appendix 8. As shown in Table 3.4, 

the bulK of Alberta's reported reserves are found in a 

r' e I a t ive i >' sm all number of formations. Eighteen of the 21 

the I ar-çe st twenty zones in Alberta; this group accounts for 

zones described in Appendix 8 are part of the group comprising 

over 70 percent of reported reserves. Two zones in thhs group 

h av e n CI t be e n included ~ecause of lacK of data. These are 

Seags and Mi lk River and Medicine Hat. The latter because of 

its importance, will be discussed separately. The remaining 

three zones for which figures are given in Appendix 8 were 

included in the analysis inadvertently, but have not been 

di sc arde d , 

TrIe r· e- :.u l t s reported in Appendix 8 for the twenty-one 

formations generally display the features described for Viking 

Sandstone-, but there are some differences. Consider first the 

si rn i lari ties. Numbe-r of pools and mean size of pool usually 

decrease as cost rise-so Wi th regard to production status, the 
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pattern across cost categories for the share of pools not on 

production is simi lar to that described for ViKing. The same 

is true for the share of pools first produced in 1976 or 

1 a t e r, The interplay of physical factors which determine unit 

cost also parallels that described for Viking. Average 

(1.A.le i gh ted) productivity within a formation quite clearly 

decl i n e s as cost rises, vJhile depth ~.hOVH:. no consistent trend. 

Co s t di ffer·ences between par· tic u 1 ar· categories can be 

exp 1 a i ned t",rlen produc t i v i t v , dep th, and size ar·e all taKen 

into consideration. For example in Colony, the $1.00 to $1.25 

category show~ very high productivity and shallow depth, but 

the p oo l s· i z e is a much lower than previous categories. The 

same thing occurs in Wabamun, where the $1.25 to $1.50 

category shows high productivi ty and low depth, and again mean 

p CI CI 1 s· i z e i s ver·)' srn all • 

Some interesting differences do appear among the formations 

described in Appendix B. For one thing, there is considerable 

v ar-i an c e in the degree to which the data set accounts for the 

reserves credi ted to particular zones by the AERCS (reported 

in Table A.2). Turning to differences in the physical 

features among formations, there are some that contain only a 

few large ·low-cost pools, for example, Beaverhill Lake. Then 

there are some formations where large volumes of gas at 

relatively high cost are counter to the usual pattern. Two 

examples are BluesKy Gething, which has a 74 BeF pool at 

·$2.85, and Upper and Middle ViKing, for which 1.98 TeF of 
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r-e s.e r-v e s in commingled pools appear at SO.50; the data set 

shows a tota I of t hre e p oo l s for' 81 ue skv Ge th i ng and five for 

Upper and Middle ViKing. Of obvious interest is how average 

costs may vary among formations, but these comparisons wi 1 1 be 

deferred unti 1 the discussion of aggr'egate sup p lv . 

Fi gur'e: 3.1 (a, b , c) ar'e p 1 o t s of p oo l de v e 1 oprne n t c o st aga i nst 

c umu I éI, t i ~J e reserves for ViKing Sandstone, Mannvi 1 Ie, and 

Rundle- formations. In each case pools have been grouped to 

provide a convenient number of points. In the i nit i al (I OlAle r 

1 ef t) portion of each curve a few very low-cost, very large 

pools make the curve appear nearl/ horizontal. Over the range 

from about 20 to 60 cents the curves rise rather rapidly. 

After this range they rise sharply. Of the three formations, 

ViKing Sandstone displays the most pronounced intermediate 

range (the l arçe st re l e t i v e i n c re as e in re se rve s in the 20 to 

60-cent cost range). On the other hand, for Rundle the 

increment of reserves in this range represents a very small 

s h are of reserves present. The curves for these three 

formations are representative of those that would be observed 

if costs for the other formations reported in Appendix 8 were 

pI Cit ted in simi 1 ar fa:,h i on . 
• 

• 
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A more precise description of the relation between incremental 

in it i a I r-e s e rve s and prt c e , a~· depicted in Figure 3.1, is 

obtained by calculating elasticity values. Elasticity is 

defined I n th i s instance as the percentage i n c re s s e in 

in reserves corresponding to a given percentage i n c r-e a se 

wellhead re a l i z a t I on . Resul ts for the three formations under 

consideration are shown in Table 3.5. 

The pattern of elastici ty values for successively higher cost 

ranges is consistent for the ViKing Sandstone, Mannvi 1 Ie, and 

Rundle formations. In each case the price elastici ty with 

r e sp e c t to total reserves exceeds uni ty for the lowest cost 

category, under 20 cents~ where most of the initial reserves 

are found. The elasticities tai I off very rapidly, and are 

very lc~ for cost categories above 60 cents. Again, however, 

it must be cautioned that the absolute level of these costs 

ma:~' be l owe r t h an in re a l it>', and that it is the re s.e rv e s IAti th 

c o s t s I e s s than about 60 cents. t h at IA.te bell eve re p re ae n t a 

reasonably unbiased sample of real i ty, whereas the reserves in 

higher cost categories were underrepresented in the AEReS data 

fil E'S· i n 1 980 • 

• So far the pool development cost estimates have been grouped 

by formation, showing how the cumulative stocK of reserves 

increases as successively higher cost categories are included. 

The aggregate stocK of reserves, summing across formations, is 

next considered. To do this incremental reserves of the lower 
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c o s t f or-rna t i on s· ar·e comb i ned \!J i th i ncr·emental r e s e r-v e s 

attributable to pools in formations wi th higher costs. This 

is. accompl i sh e d by summing r·eser·ves for each cost category, a 

process known as horizontal addi tion. 

Table 3.6 has the same format as Table 3.1 and the tables in 

Appendix 8. It reports reserves by five-cent cost categories 

when the data for the twenty-one formations which have been 

studied are combined. The same patterns occur in Table 3.6 as 

typically seen for single formations. In p art i c u l ar, 

IT! e a n s· i z e 0 f P 0 CI I 0:: C CI I u m n 1 0:> f a I I s r· api dl,' wit h h i g her· c CI s· t s , 

and beyond the first few cost levels number of pools per 

ca t e çor» (Column 5) also decl ines .. The re s.u l t is. a steep dr·op 

in inc r· eme nt a l reserves addi tions as successively higher cost 

levels are attained. One i n t e r-e st i ng except i on is. obse rve d , 

the I ar·ge i n c rerne n t a l addition of reserves in the 50 to 

55-cent category. 

When one examines In Table 3.6 the cost figures and the 

a~Jer·ages. t"lh i ch descr i be trie phys.i cal deter·mi nants o+ c o st , the 

relationships observed within formations again apply, though 

t,,1 i t h som e q u d. I i fic a t ion . A',JE' rage vJe I] P r odu ct i vit y (Co I. 8) 

decl ines. s.h arp l » tA.li th r·ising c o s t s .. t"1ean p o o l size rap i d l v 

c b~omes qui te smal I VJ i th the exception noted in the 50 to 

5!:,-cE'n t r·ange. Again depth shows great variation. I tis. 

notable, howE'ver, that average depths for pools in the very 

l~~est cost categories are greater than anywhere elsE'. This 
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is offset by the extremely high productivities. On the other 

hand, there is a discernible tendency for average depths to be 

relatively low in the highest cost categories shown in the 

table. Ven' I o~oJ I,IJe- I I p r odu ct i vit i e 'E., in the- $1.25 to $1 .50 

cost range-, can only be sustained where wells are shallower, 

h e n c e cheaper'. 

When one ne-xt examine-s the information in Table 3.7 relating 

to the- production status of pools in the- aggre-gated data set, 

the- broad trends are- similar to those- de-scribed for Viking 

Sandstone-, and probably for the same re-asons. Consider first 

the share, by cate-gory, of pools which have- never been on 

p ro du c t i on. For' cos t s un de r· 20 ce nt :·/Mc fit i s 11 per' c e nt. 

In categories between 20 cents and $1.40 it averages about 25 

percent. With costs above $1.40 i t is 40 per·cent. As 

€'xpected, the shares of pools never produced are larger at 

higher cost For- c o s t s in the 60-cent to $1.00 range 

p e rc e n t of the ob se rv e d either wer·e placed in 

production subsequent to 1975 or have- never been produced; the 

corresponding figure for the $1.00 tc. $1.40 r'ange i s 79 

p e rc e n t. One would not have expected to observe a large share 

of these pools in production prior to 1976. 

For aggregated Alberta data as for a particular formation, the 

c rr t t c a l economic question is what potential incremental 

volumes of reserves become available as price <wellhead 

real i z a t i on ) rt s e s .. Again the re s e r-ve s p o t e n t i al curve +orma t 
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is. uti 1 ized, plotting pool development costs against 

cumulative in it i al establ i shed r e s e r-ve s , The r-e su 1 tis. shown 

in Figur-e 3.2. 

The shape of the curve in Figure 3.2 appears much the same as 

the shape of the curves repr-esenting individual formations. 

An in it i al phase can be distinguished which is. near· I >' 

h ot i z on t a I • 

i nt e rme dia t e 

v e rt i call y. 

This is fol lowed by a more steeply rising 

Fi n a l l v the cur-ve n e ar-l v 

A de sc rip t i on of tri e av a i 1 ab i l i t >' of i nit i al 

r e se rv e s +or the twenty-one formations using the elasticity 

rne a sur-e is provided in Table 3.8. The elasticity wi th respect 

to supply price ( de IJ e lop men t c CI:. t) fol I CIIAI:. a. pat ter' n s i !TI i 1 a r· 

to that observed for individual formations. 

in the lowest cost range of between 

I t e x c e e ds un it>' 

cent/Mcf and 20 

c e n t s./l'i c f but dec lin eo s t 0 (I. 1 9 i nth e r· an g e 0 f c CI s t s f r· om 2 (I 

cents to 60 cents. 

Closeor examination of Figure 3.2 does reveal a feature not 

observed in the individual formation supply curves. Thereo is 

a pronounced flat region at about the 50-cent level. This 

r e o r-e se n t s the gas. (nearly 2 TCF) in the commingled pools of 

the Upper and Middle Viking formation. Wereo it not for a gap 

in the data set, a second plateau would be conspicuous in 

Figure 3.2, one considerably larger than the one which appears 

ël. t the 50 -c en t I eo ~J eo 1; th i s· wou 1 d r· e p r· e ,;;·e nt the Mil K Ri ver an d 

Medicine Hat zone. It was not possible to match r-eserves 
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high~r thr~shold valu~s, as just illustrated by Upp~r and 

figures with AOF data for this formation, and the AOF figures 

th~mselves have been questioned. 

For the formations included in this study, the predominant 

pattern has been for the bulk of reserves to be producible 

wi th uni t development costs of less than 24 cents. ViKing 

San dst one , Mannv ill e and Rundl e are t vp i cal. On t h e o t h e r- 

hand, there are exceptions, formations with significantly 

1"1i ddl ~ Viking and by Mi lk River and Medicine Hat. In 

conn~ction wi th th~ apparent simi larity of cost l~vels among 

m 0 s t for mat ion s , its hou I d ber· e cal led t hat som e f act 0 r s k n Olim 

to hav~ a bearing on cost could not b~ deal t with in this 

anal )-'~.i s. examples are su l+ur- content and cost 

differ~ntials r~lating to location. These would generally 

aff~ct entir~ formations, so t h a t their inc lus i on 1AI0IJ 1 d 

introduce diff~rences among cost levels. Wi th regard to the 

two format~ons cited as exceptions, the apparent cause of 

higher· cost i s s.ub st an t i a l Lv lower del iver·abi Ii t v : t'l~dicin~ 

Ha t and 1"1 ilK R i v~r h a s be e n descr· i bed as bor·der·l i ne be b"leen 

c on v e n t i on al and tight gas. 

Th~ formations which hav~ been studied are characterized by 

t h e i r av e ra qe de v e l oprne n t c o s t s in Table 3.~·. The)' are listed 

in order of increasing cost. Specifically, the average cost 

figure is computed by weighting the unit cost for an 

individual pool by that pool's share of total reserves in the 
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+or-mat i on. Pools with uni t costs above $1.50 per Mcf are 

excluded from these averages. For six of the formations this 

weighted average cost is five cents or less. The highest cost 

among the first twenty formations is Cardium at 27 cents. The 

"exception", Upper and Middle Viking, shows a weighted average 

development cost of about 50 cents. Again, weI I productivi ty 

and depth are identified as principal cost determinants. 

Weighted average values for these are shown in Columns 4 and 

c umu 1 at i IJ e in i t i .3.1 e st ab l i shed re s e rv e s to development c o st , 

5, respectively. The cost figures reflect the interplay of 

the i n ver· :. e r· e I a t i (I n wit h p r· 0 duc t i v it}' êt. n d the d i r· e ct.; and 

nonlinear) re l a t i on with depth. 

The e IT! p i r· i c a I resul ts which have been presented have related 

E:. t i IT!~. t i on of the r· e =. e r· I) e =. pot e n t i a lof A I ber' t a i =. b Eo }' 0 n d the 

sc op e o+ trie study ~ = i n c e r·e I i ance h a s bee-n pI ace-d on r·eser·ves 

=. t a t i =. tic :. and no forecasting of future- discoveries or 

re s.e r ve s ap p re c i a t i on w a s a t t emp t e d , Ho, ..... ,e-ver·, the sk e t c h in 

Figur'e- e- n de a 'v' ors to re l a t e the- st u dv re su I t s to the 

possible re-se-rve-s potential si tuation. The- shape- of the curve 

is that dictated by the obse-rve-d re-sults up to the 60 

c en ts/t1cf l s \) el beyond t h a t the cur·I ... 'e i s . .j udgmen ta. i an d e ve n 

s p e c u l at i v e , 
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20 cents and 60 cents. Be>'ond the 60-cent c ost level the 

In Figure 3.3~ up to the 60-cent range the reserve price 

elasticity falls from being greater than 1.0 at cost levels 

below 20 cents, to being about 0.2 for the cost range between 

sample data relates in large measure to shut-in pools which 

correspond to the more than lÛ~OOO shut-in gas wells with 

minimally assigned reserves that now exist in Alberta. It is 

estimated that the 9.5 TeF of Milk River and Medicine Hat 

reserves~ which were not covered in the sample~ would fit into 

the r e se f' v e ,:. p o ten t i al cu r- v eat c o s t ,:. ran gin g from a few ce nt s 

upwards to about $1.60 and perhaps somewhat higher. 
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4. INTERPRETATION OF RESULTS 

The curves which have been derived for individual Alberta 

+or-rna t ions. r'el at i ng st oc k s of in it i al e s t ab l i shed re s.e rv e s to 

de v e 1 oprne n t cost (capital and op e re t i n çi tend to be r e l a t i v e l v 

fla t , that is, to be confined to a narrow cost range. 

r· e :. e r: ,,'1 Eo P r· ice e 1 a s tic i t :~' i:. high in the lowest twenty-cent 

Sp e c i fic all y, al t h ou çh the simp 1 if i e d cost i ng techn i ques u se d 

in t h i s st u dv rna::·' b i a s the CCIS.t re su l t s t owards e xc e ss i ve 

i t :.e erns c l e ar t h a t for most formations the 

range of development cost but fal Is rap~dly at supply prices 

be von d that r·ange. This indicates that reserves potential 

a given formation resemble the shape hypothesized 

in Figure 2.1(b) more closely than the shape in Figure 2.2(b). 

The:.€' re s.u l ts mean that on c e a t h re s.n o l d r· e.:o. I i z at i on has been 

attained, a large share of the discovered pools in a formation 

becomes economic to produce wi th itt 1 e fur' the r· inc e a ,:·e i n 

fie 1 d \) .:-.1 u e • these p oo l s a 

disproportionately 1 ar·ge sh ar· €' the re se rv e s in the 

G i 1·,Jen the number of factors which influence development cost, 

considerable variation in observed costs might be expected. 

the key cost determinant, average weI I productivity 

(or' del i verabi 1 i t v », a.ssumes w i del y di ffer i ng v al u e s +or- pool s 

1 •• \.1 i th i n .:<. f or-rna t i cln • In fact, considerable variation i :. 
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observed in costs, but one point is noteworthy. Because of 

the a p p are n t c or-r-e l a t i on betv.Jeen del i v e reb i l it)' and poco] si z e , 

cos. t s or the bu I k of r e se r v e s· ina forma t i on f a I lin 20. fa i r' I y 

n ar r-ow range. It should be noted that the study deals only 

(i,1 i th conven tiona I ga.s. , so that pools wi th extemely low 

de 1 i v e rab iIi ties. (resu I t i ng +rorn p e r-me ab i l i ties. of I e s s t h an 

0.1 rn i l l i dar c vi are excluded. Potential re s e r-v e s in the 

un c onv e n tiona 1 c a t e çorv exist in the tight formations of the 

Deep Basin, whi Ie reserves in the Medicine Hat and Mi 1k River 

+orma t i cn +al ] on the bcrde rI i n e betvJeen the tJ..'K' c a t e çorLe s, 

An imp I i c 20. t i on of t h e s.e re su l t s is. the s.up p ort p rov i de d for' 

tho? va. I i oj i t y o+ the more widely accepted discovery process 

mode 1 s .. These mode 1 s·, [ 1 ,2] li,1 i HI fel,,1 e x c e p t ions, re 1)' on 

measures of size, such as proved reserves, which are only 

e s t ab i i shed wh s n dev e l opment takes place. While the larger 

p o o l s , as p o st u l e t e d in these mode l s, may be found +i rst , it 

is not evident a priori that they would always have 

s.u+f i c i e n t l v 

e >< plo ita t i on . 

low development costs to warrant i mm e dia. t e 

Un til such time as they were developed and 

credited wi th reserves they might escape observation. 

si tuation, when prices were rising, discovery process models 

would understate the potential of formations. The empirical 

results here suggest that this form of bias is not usually 

se rI ou s . 
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The significance of the cost structure that has emerged from 

this study for predicted reserves additions attributable to 

new pools in an establ ished formation can be emphasized with 

reference to the polar situations described in Figures 2.1 and 

2.2. Figure 2.1 depicts the extreme case where reporting 

error would least affect the results of discovery process 

models. The pool s l i k e l >' tc. be i gnc.red be c au se r e se r-ve s v,lere 

not reported would be pre~ominately very smal I. The observed 

distribution of pool sizes would be too low toward the left 

(s.ma·' i p oo l ::0 s· i de- • Thus! al though more smal I pools would 

actually be found than had been forecast! the add i t i on al 

contribution to reserves would be I imi ted in amount. On the 

other' h an d , if a si tuat i on ap p ro ac h i ng the e x t reme case of 

Figure 2.2 had been observed, reporting error might resul t in 

substantial bias in the forecasts of reserves to be gained 

from new pools. Since high-cost pools, omi tted from the data 

set~ might be of any size~ the comparison between the true 

size distribution and the one perceived when prices were low 

would be that portrayed in Figure 2.1(b). Wi th higher prices~ 

additions to reserves from new discoveries might be very 

s.ub s t an t i al. 

The further significance of the observed cost structure for 

p o l icy purposes is t h a t increases in IAlell head real i z a t i on may 

trigger development of new gaS-bearing formations and thereby 

p o ss i b l v maKe avai lable large quantities of additional 

r· e s·e r· v e s· • The quanti ty of reserves created when significant 
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nev,1 pools in a formation 1 iKe Upper and Middle ViKing becomes 

economic appears substantial in comparison with the combined 

volume of reserves additions from establ ished formations which 

might be attributed to higher wellhead real izations.[3l The 

potential of a n elAl forma. t i on wi 1 l , h owe ver, be di f fic u 1 t to 

forecast at an early date. Discovery process models cannot be 

applied until information estab1 ished by wildcat 

cr- ill i n 9 h a s be e n ac c umu 1 ate d • Furthermore, though perhaps 

not ·so obvious, reserves data for pools which have been 

d i sc cv e re d lAI ill n o t be re 1 i abl e un til deve 1 oprne n t dri 11 i ng h a s 

p roc e e de d , and this usually is contingent upon actual or 

imminent production. 

Aggr'egate sup p l v c omo rI se s the surrrnet i on c,f supp1 i e s from 

i nd i v i du a 1 forma t i on s . This study was organized around the 

p co l ~. grouped by geological and 

hypotheses were advanced regarding the shape of formation 

reserves potential The e x i st e n c e c,f a t vp i c a l shape 

was based on the premise that, within a formation, cost and 

quantity-determining par' ame ter' s would v arv in s.)'s.tema tic 

fashion, in accord wi th geological patterns. 8y contrast, 

there does not appear to be any basis for expecting systematic 

var' i at i on in the characteristics of formations over regions 

su c h as Alber·ta. The re+ore , t h e re is. no b a si s +or- ~ 

priori hypotheses about the shape of the aggregate supply 

cur·ve. It must be establ ished empirically, f or-rna t i on by 

forma t i on. 



.' 

Many geologists and engineers bel ieve that dramatic increases 

in reserves are possible from new formations. The analysis 

her'e does that sugges,t wh i I eo development c os.t s for 

convent i on a I gas are contained in a relatively narrow band, 

development costs for new formations wi I I be significantly 

higher' . This is because -- al though some new formations of 

the conventional sort wi I I continue to be found (for example, 

the Elmworth Wapi ti fie Id, a "s,w e e t s p co t" i nth e Cl eo e p 8 a 5, in) 

the giant structures now known or predicted are markedly 

di ffer'ent c unc onv e n t i on a t ) in respect t o the physical f e a t ure s 

wh i ch de term i ne de 1 i 0..) e r ab i l i t y . Hence such formations only 

become- to develop at higher threshold wellhead e c on om i c 

rea 1 i z a t i on 5 • 

The finding of relatively uniform uni t development costs 

w i t h i n formations suggests a method for approaching the 

analysis of aggregate supply. The observed cost behavior has 

tVJO important imp I i cat ion s . is much easier to First, i t 

estimate a cost than to develop and estimate a model level 

which describes cost variation wi thin a formation. Second, 

the ap p l i c a t i on o f existing d i sc ov e rv p roc e s s models, to 

establish quantities, can be justified as has. a l r-e a d» been 

di s.c u s s e d , Hence the analysis would proceed by individually 

analyzing newly emerging formations, both as to cost level and 

p o t e n t i a l volume of reserves. The number of formations that 

are the object of exploratory interest at any time is small 

'jl:' 
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enough for this procedure to be feasible. Indeed, it is 

possible that cost sim il ar i ty would justify grouping 

formations within a horizon. When data describing Mannville 

hor-izon (a, broade r- geological gr-ouping c orno rI s i nç a number- of 

formations) are aggregated in Appendix D, the resulting cost 

pattern resembles that of an individual for-mat ion. 

• 

'. 
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Footnotes to Section 1 

I. M.A. Adelman and J.C. Houghton, in M.A. Adelman, et al, 

Energt in an Uncertain Future: Reserves and Resources of 

(I il, Gas, Co a 1 and Uran i um (Ba IIi nger Pre s s , for t h c orn i ng) . 

Thes:.e e.u t h ors I i st five sources of i n c rea s e d output. In 

the ist below, which refers to stocks, Item (a) replaces 

two of their categories, increasing the rate of production 

from existing weI Is and dri I I ing more wells to increase 

the rate of output of producing pools. They regard the 

I t erns ( c :> and (d) of the abov e l i st a s "in the long run, 

far more important," relative to the others. 

2. See, for example the work of R.G. McCrossan "An Analysis of 

Size Frequency Distribution of Oil and Gas Reserves of 

Western Canada," Canadian Journal of Earth Sciences, 6 

( 1 $'69) , 201-211, or· Kaufman, Balcer' and kr-uv t ("A 

Probabi I istic Model of Di 1 and Gas Discovery," in Studies 

_i_n __ G ..... .;_e .... cl_l~c ..... lg~;>' __ I\I_c_'~._~l~, The Amer' i can Assoc i at i on of Pe t ro l eum 

Geologists, 1975). 
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Footnotes to Section 2 

1. For example see, Canada, Minister of Energy Mines and 

Resclurces, An Energy Pol icy for Canada, Phase I, Vol. I I, .. 
pp. :::2-84. 

2. PClrticln~- of t h i s o t sc u s s t on are based on an e arl i e r p ap e rt 

P.G. Bradley and A. Hansson, "The Price Elasticity of 

Na t ura I Gas Supply: A LooK at Causes and Their 

I mp I i cat i on s for- For e cas tin g, n p r- e s e n ted tot h e Nor th 

American meetings of the International Association of 

Energy Econ6mists, Denver, Colorado, November, 1982. 

3. This is because in estimating such models the only pool 

attribute to be considered in size, usually measured by 

reported reserves. large pools in a formation 

because of other attributes (for example, low 

p r- odu ct i vit v) , cost to produce as to be 

uneconomic, 

n o t enter 

they would not be assigned reserves and would 

trie de t a set. Reserves estimated for the 

formation would therefore be understated; reserves that 

would be avai lable at higher wellhead real izations would 

have been ignored. 
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Re ~.e ar c h l n s t i t u t e , Study No. September· 1979, 

Footnotes to Section 4 

I. R, S, U h l e r· , (I i 1 and Gas Finding Costs, Canadian Energy 

especially Chapter .:' ,_I. This work is expanded and updated 

by Uhler as part of the present Economic Counci I study, 

.J 
L. ~<au fman , cited in Footnote 1 of Section II. For· a 

thor·ough of discovery process model I ing see 

Kau fma.n , "Estimation of Undiscovered Resources of (Ii I and 

Ga.:.," in Adelman, et ~.l ci ted in Footnote 1 of Section I. 

3. It should be noted that the reserves potential curve of 

Figur·e 2,1 e>~aggerates in this regar·d, since i t dep i c t s 

on I)' development c o s t . Higher· pro i c e s I.A.I i I I s t i mu I ate 

explor·ation, leading to the di s c ov e rv of pools in 

e s t ab l i sh e d f or-ma t i on s· wher·e deve I oprne n t c o s t s are ~. t 

t r· ad i t i on a I I OI.N I eve Is. Such pool s are like I y to be 

smal I, but they could be numerous . 
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Notes to Table 3.1 (by column number) 

2. The average across pools in the category of unit development 

costs. Each pool cost figure is weighted by that pool/s 

share of total reserves. 

8. The average across pools of average well productivity. Each 

pool figure is weighted by that pool's share of total 

reserves. Units: MMCF per year. 

9. The average across pools of pool depth. Each pool figure is 

weighted bv "that pool's share of total reserves. Units: 

feet. 
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v a l u e s and gas plant processing costs. Netback i :. 

Notes to Table 3.2 (by row number) 

• 
( 1 ) "Wellhead price is. e s t i ma t e d value of gas. at the input 

side of the gas plant having taKen into account coproduct 

vJellhead price les: op e ra t i n ç c o s t s and royalties." 

Sour'c e : F.~ • ::; • Uhler and P. Egl ington, The Supply of Di 1 

and Gas Reserves in Western Canada, An Interim Report to 

t h e Eco n om ice 0 u n cil 0 f Can .:<. da , Apr' ill 9 8~:, p. 2 to • 

(2) Source: R.S. Uhler, personal communication. 

(6) Bre ak e ve n 1 .... Jellhead re a l i z at i on i n d i c a t e s, on -OI.verage, the 

return available to the producer to cover development 

values are lower than constant dollar 

v a) u e s in the e art ier year<: .. The upwar-d adjustment is 

made to account for the fact that costs were also lower. 

A pool at the breakeven point in 1970, with development 

C 0<:· t of 12.4 cents Mef, would have experienced a 

development cost of 31.4 cents per Mcf in 1980 dollars. 
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TABLE 3.4 

Cumulative Share of Initial Marketable Gas by Formation 

Number of Formations· Share of Initial Marketable Gas 

5 • 385 

10 .536 

20 .705 

30 .806 

40 .864 

50 .905 

100 .980 

230 1.00 

*Arranged in descending order by reported volume of Marketable gas. 

.. 

• 
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Notes to Table 3.5 

1. Elasticity is defined as the ratio of percentage increase 

in initial reserves stocks to percentage increase in 

development cost, '. 
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Notes to Table 3.6 (by column number) 

I. Un i t s: '$. per' "'1CF p ro du c e d 

2. The average across pools in the category of unit development 

c o~· t~ .. Each pool cost figure is weighted by that pool/s 

s.h are of t o t a l re s.e r-v e s . 

::::. Units: BeF 

8. The average across pools of average productivi ty. Each pool 

+i qure is weighted by that pool's share of total reserves. 

Uni ts: MMCF per year. 

9. The average across pools of pool depth. Each pool figure is 

weighted by trla.t p oo l c s s h are elf t o t a l r·eser·ve~·. Uni t s : 

feet. 

52 



- - - - - 0 0 0 0 0 
0 0 0 0 0 ~ .-4 .-4 .-4 .-4 - - - - - 

ole ~ 
QI - - - - - > ..... ~ N .-4 CIO ..... ~ ..... ..:r 0 
~ an ~ ..:r N ..... N M N 0\ ..:r c: - ,... - - - - 0 .... 

4J 
tI 
=' "CI 
0 ~ ~ QI 
Il.. 4J s c: - - - - - .... ~ .-4 ~ M CIO .-4 '" CIO N 0\ .-4 

0 CIO M .-4 ..:r ~ If'I ~ '" 0\ ..:r 
.-4 - M - .-4 - - - ID ~ 

.-4 ..... 
0 0\ 
0 ~ 
Il.. >. ~ 

0 ~ 
(li) 0 
CIl ~ 
4J ..... 
III ~ 0\ 
U CIl .-4 - - - - - ,t:l CO M N .M N CO ..... .-4 ~ 0\ 4J e CIl ~ '" 0 M '" M N N ..:r .-4 ID :£ ~ N - N - - - - 0 0 
U ~ 

!Il CIl >. c: j:Q 
,t:l 0 

"r"4 
r- ID 4J 

.-4 III 
ri 0 ~ 0 
rLl Il.. 0 ~ 
H ~ 
P4 0 CIl 
-< c: 
E-t ID 0 

=' I 
4J >. ID 
III 4J QI 
4J c: ID 
tI.l CIl CIl 

? .c c: 4.J 
0 c: 
"r"4 CIl 
4J ~ 
() III 
=' 4J Cl. 
"0 ID e 0 0 ~ U .... 
Il.. c: 4.J - 0 0 c: ~ 0 0 0 -e 0 QI 

CIl U N ~ .-4 .-4 ..;:r > e ~ M "r"4 
Cl. bO 
0 - " ID .-4 0 0 0 0 CIl U N ~ 0 QI 
> - M (li) ... CIl as 
~ 4J c: 

CIl u ~ 
QI 
Il.. 
ole 

53 



- ------_._--------------------------------------~ 

CI) .... 
0 
0 
Il4 

\D " .... .... .... 0 '" CJ\ t""I 
0 '" \D N .... 
0 
Z 

CO 
.¥ 
0 
0 
.&.J 
tI) .&.J 

CI) 
CI) 0 
QI o ::- ... .&.J CI) 
QI s:: s:: 
CI) QI 0 
QI e "" .&.J 

00 ~ Q. .&.J "" 0 e 0 .... CJ\ ..::r N 
M .... .... "" .... " 1""'4 0 0 

tU QI .&.J . . 
~ "" ::- 0 CO 1""'4 0 0 0 

.&.J QI ~ tU H "" ~ .... CQ s:: QI ~ 
,::C H 0 s:: 
E-i .&.J 0 .... I 

0 .&.J >- 
0 .&.J .... QI e >. Q. QI .u CI) 

~ "" QI 
0 ... 
"" .&.J ,.t: 
CI) .&.J 
tU "" 1""'4 ) 
~ QI 0 0 - 0 0 0 ..::r s:: ~ N \D 1""'4 .... 

~ 
t,.) 
::f: I - .&.J o- 1""'4 0 0 0 

CO ...., N \D 0 
0 1""'4 
t,.) 

54 



Notes to Table 3.8 

1. Elasticity is defined as the ratio of percentage increase 

in initial reserves stocks to, percentage increase in development 

cost. 
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---------------------- -- ~ 

(l) (2) (3) (4) (5) (6) 

Table 3.9 

Average vOlume or well 
Formation Name Unit Cost Number Reserves Productivity Pool Depth 

( $lMcf) of Pool s ( BCF) (MMCF/Yr.) ( Ft) 

1 Rundle .04 52 7609 2780 9858 

2 Rundle Wabamun ' .04 1 1727 6908 10974 
3 Wabiskaw 

Wabamun .04 2 860 1480 2185 

4 Leduc .04 43 6626 7530 10107 
5 Beaverhill 

Lake .045 4 2200 6520 11522 

6 Elkton .05 12 978 4745 8048 
7 Mississippian .12 7 671 2913 9284 

8 Pekisko .13 39 1469 1921 6500 
9 Shunda .14 3 91 986 7052 

10 Wabamun .15 78 2050 1481 7563 
11 Mannville .16 171 983 1187 3526 

12 Debalt .17 19 185 1035 3116 
13 Colony .19 191 740 698 1726 

14 Gl auconitic oSS .19 107 1459 993 5331 
15 Bluesky 

Gething .19 5 81 266 1012 

16 Bow Island .22 115 675 708 2649 
17 Vi king .23 268 2423 1079 4027 

18 Upper 
Mannville .23 417 1757 790 2899 

19 Lower 
Mannvi 11 e .24 263 1469 756 3790 

20 Cardium .27 28 551 1236 7819 
21 Upper and 

Middle Viking .50 5 2003 128 2087 

* Explanatory notes on following page. 
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Notes to Table 3.9 

Formations are ordered by estimated development cost. 

The remaining notes refer to column number in the table. 

2. The average aaoss pools of uni t development costs. Each pool cost 
figure is weighted by that pool's share of total reserves. Total 
reserves comprise thpse pools in the data set for which unit costs 
are less than $1.50 per MCF. 

3. The number of pools contained in the date set. 

4. The reserves represented in the data set. 

5. The average across pools of average well productivity. Each pool 
figure weighted as in #z; same coverage as in #2. 

6. The average across pools of pool depth. Each pool figure weighted as 
in #2; same coverage as in #2. 
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Supply 

price 

Figure 2.1 

Alternative Cost Structures (I) 

(a) 

Size Distribution of Gas Pools 
in a Formation 

(b) 

Pool size 
(Reserves in Place) 

Gas Reserves Potential Curve 

Quantity of Reserves 
~ecoverable Reserves) 

l 
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ND. Dr pOO 

Supply 

price 

Figure 2.2 

Alternative Cost Structures (II) 

(a) 

Size Distribution of Gas Pools 
in a Formation 

Pool size' 
(Reserves in Place) 

(b) 

Gas Reserves Potential Curve 

. Rl Quantity of Reserves 
(Recoverable Reserves) 
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FIGURE 3.3 

Approximate 50% Sample of 

Possible Reserves Potential Curve for Alberta 

(Initial Reserves at Development Cost based on 1980 Data) 
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APPENDIX A 

COSTING METHODOLOGY AND DATA 

COST ESTIMATI~ 

A procedure for estimating development costs for natural gas 

must tie se l e c t e d in I ight of avai lable data. Whi Ie industry 

expenditures in the aggregate are reported by the Canadian 

Petroleum Association, there is no systematic reporting which 

breaks down the totals on a field or pool basis. Accordingly, 

it is necessary to estimate expenditures based on the physical 

c h ar-ac t e rt st l c s of a pool. Further·more, it i s useful to have 

a figure for the cost of producing gas which is directly 

c ornparab l e to actual or expected wellhead r e a l l z a t i on s . Such 

a cost figure is derived using estimated expenditures in 

conjunction with an output forecast. Development cost, as 

defined here, represents the dollar amount per unit volume of 

ga:. p ro duc e d that must be reee i ved in order· tCI re c cv e r- all the 

expend i t ur e s incurred in the produc t i on of tha t ga:., i ne l ud i ng 

cost of cap ital. 

produced. 

It is expressed in units of dollar per Mef 

Production from a Known pool requires completion of the 

exploratory well and, where the pool is large, the dr·illing 

and completion of additional production wells. Also, surface 
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equipment must be installed on the leasehold. In addition to 

investment in capacity, operating outlays must be accounted 

for. The predicted operating expenditures are discounted over 

the productive 1 ife of the pool, and the resul ting amount is 

treated as· another investment component. Raw ga$ must be 

processed, but 

figures reported 

which would maKe 

processing costs have not been included in the 

here. Information has not been compiled 

it feasible to determine possible access to 

existing processing facil ities, and no attempt has been made 

to analyze the manner in which clustering of small pools might 

permit .j 0 in t use of a 1 arge new procesing plant. 

Consequently, the estimated development costs are compared 

vJ i th we 11 head rea I i z a t i ons ne t of a prov i nce-w i de average 

processing charge. 

LEVELl ZED UNIT COST 

The measure of development cost used here can be thought of as 

the attribution of a cost to each unit volume of gas produced, 

such that when the production plan is fulfilled all investment 

wi 1 1 haue been repaid. This cost measure finds appl ication in 

the eng i neer· i ng 1 i tera tur-e wher'e it is some times referred to 

as l e v e l r z e d unit cost.[ll It is calculated by dividing the 

present value of expenditures (investment) by the present 

value of physical benefits, in this case the gas produced: 
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(1) 
c - 

I 

where I = total investment cost (present 
value of required expenditures), 

b t]r = a factor which specifies the present 
value of output (over the period of 
production) per unit of initial capacity. 

Q = initial producing capacity o 

The subscripts to the b-factor denote that it depends upon the 

level of output at time t relative to initial capacity and 

the rate of discount r.[2J 

Closer examination of Eq. 1 will show how certain physical 

features affect unit development costs and will maKe expl icit 

some assumptions which have been used. It will be convenient 

to resolve investment into its two components, the part 

related to capital expenditures (to provide capacity) and the 

part related to operating outlays (the capital ized value of 

the stream of operating costs). Thus Equation 1 becomes: 

c - 
1+1 c 0 

where I - capacity investment. c 
• 

. I - operating cost (capitalized) , 0 

Qt - . pool output at time t, 

T - productive life of pool. 
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It is assumed that the output profile for a pool is defined by 

i nst i tut i onal and physical constraints, that is, is 

specifictd. In particular, a ratio of initial daily production 

to marke tabl e reserves (1 27300) is assumed. Produc t i on i 5' 

maintained at this rate for ten years, after which it declines 

at ten percent per year. The production period ends after 

twenty years.[3l 

The b-factor, previously defined as the factor which specifies 

the present value of output per unit of initial capacity, is: 

(3) 

The quantity of reserves required to support a unit of initial 

output (for example, one Hcf per day) can be specified using 

the b-factor where the rate of interest r is zero: 

(4) 

Letting R = the initial volume of marketable reserves: 

Q = o (5) 

Thus, on the assumption that all reserves are produced during 

the 20-year span, initial output is determined, given the 

volume of reserves in a pool. 
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Now consider the principal physical determinant~ of unit 

capac i ty cost: 

C D 
e 

I e 
(6) 

Cap ita 1 investment refers to well-related expenditures, so 

that: 

Ie - N{q} W{d I} o .J (7) 

where N {q } 
o - the number of wells, a function of 

average well deliverability. 

- the cost of a well, a function 
of depth and location 

Since the required number of wells is determined by average 

well deliverability once the initial output of a pool is 

determined: 

N .. (8) 

Eqs. 6 and 7 yield: 

c - c (9) 

AS 



Next conside~ the p~incipal physical dete~minants of unit 

ope~a t i ng cost: 

1 o 
(l0) 

Ope~ating expenditu~e, E, is assumed to be dependent on numbe~ 

of wells, th~i~ depth, and the location of the pool. Whe~e 

numbe~ of wells is constant at its initial value: 

E • k{d,1} N 

T -tot 
I .. f k{d,i)Ne ~t. 
0 

0 

I = Nk{d, i) atl 
0 t r 

(11) 

(12) 

whe re a:"a - 
tir 

the annuity factor with rate of 
interest r for a period t - T. 

Eqs. 10 and 12 yield: 

c .. 
o 

Nk.{d.t} a "::"I 
tir 

(13) 
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The ~everal physical features which crucial 'in 

establ ishing the development cost of natural gas can now be 

summarized~ Combining Eqs. 9 and 13: 

N 
fW1d,l} + kid i} ] L' , at] r (14) 

c '" 

Eq. 14 is used in conjunction with Eqs. 5 and 8: 

Qo 
It - (5) htlo 

N 
Qo 

- --=-- (8) CIo 

Average well productivity is a very important factor; acting 

through Eq. 8. As can be seen from Eq. 14, depth affects unit 

cost because it costs more to drill and operate deeper wells. 

Pool location also affects unit cost. In the estimates to be 

reported depth is taKen into account but not location. Pools 

have been classified by Potter-Liddel area, but information on 

relative drill ing and operating costs has not been obtained. 

Required investment per well, (W + Ka) in Eq. 14, may be 

subject to economies of scale when larger pools are developed. 
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Gathering lines and surface equipment costs are subject to the 

type of economies commonly experienced in chemical processing. 

Drill ing costs can be reduced when numerous wells are drilled 

in the same area. Account has not been taKen of scale 

economies of this sort, which would be reflected in reduced 

unit development costs. It should be mentioned that pool size 

is critical in the usual methods of allocating finding costs, 

but finding costs are not of concern here. 

Pool size does, nevertheless, affect the unit development cost 

estimates in one important way. This occurs when the volume 

of initial rnar-ke t ab l e reserves is not large enough to fully 

util ize the capacity of one well •. Wells are not divisible, so 

investment and operating cost per unit of util ized capacity 

are higher than they would be for a larger pool with otherwise 

similar features, and this is reflected in a higher estimate 

of unit cost.[41 Note that if (and only if) there is no 

rounding involved in the number of wells, Eq. 14 simpl ifies, 

through substitution of Eq. 8, to a form where size of pool 

does not enter: 

c - W{d,l} + k{d,l} at1 r 

qo b tlr 
(14A) 

It was pointed out at the outset of this section that 

selection of a procedure for cost estimation had to be 

conditioned by data availabil ity. Eq. 14, with Eqs. 5 and 8, 

A8 



physical characteristics. Consideration will first be given 

relate unit development cost to certain physical features of 

gas pools. Cost estimation requires both the data describing 

these features, by pool, and methods for estimating the 

expenditures that must be made to produce a pool, given its 

to the re qu i r-ed data, then the problem of estimating 

expenditures. 

the Board's gas reserves file, initial marKetable gas is 

DATA BASE AND SAMPLE 

The Alberta Energy Resources Conservation Board (AERCB) is the 

source of the data describing gas pool in that pr·ouince. In 

reported for individual pools. These pools are identified by 

n umbe r· , n i ned i g its c omp r· i ~. i n g a fie 1 d an d pool code. Fou r- 

+or-rna t ion in wh i ch the pool occurs, for- exampl e, Vi King 

digits, written as part of the pool code, designate the 

Sandstone or Lower Manvi lle. Pools are grouped according to 

this formation classification. The formations studied are 

1 isted in Table A.2, each accompanied by its 4-digit zone 

code. 

The use of initial marKetable gas as the measure of quantities 

of recoverable reserves raises some serious issues. 
\ 

As 

defined by the AERCB, these figures describe "those reserves 

recoverable under c ur-re n t technology and presen t and 
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critical level of development cost of 60 cents/Mcf has been 

designated. This represents a cost that would have generally 

better prior to 1975. The breaKeven level 

after 1975, but the normal lead time to 

been breakeven or 

rose substantially 

develop reserves coupled with the lack of natural gas marKets 

after 1975 suggest that the 60-cent figure, though probably 

conservative, is appropriate. Fewer than five percent of the 

reserves covered by sample data had unit development costs 

higher than 60 cents/Mcf. 

shut in. Reserves for shut-in wells were typically booked as 

Table 3.2 provided estimates of average breakeven wellhead 

re a l i z a t i on for' the years 1970 through 1980. It can be seen 

that t h e s.e realizations (net of producer' rova l t i e s ) exceeded 

one dollar per Mcf after 1975. However, the market situation 

was deteriorating rapidly, with thousands of gas weI Is being 

"assigmnents" by the AEReB; the a s s ume d dr'ainage are a did not 

n e c e ss ar- il)" c or-r e sp on d to the pool s poten t i a I. When these 

pools are developed, 

greater· in quantity 

extrapolation which 

their reserves can be expected to be 

than would be predicted by the type of 

has been ap p lied in the past tc. +or-e c a s t 

reserves appreciation. 

.. If the 

regard 

whether 

pool s wi th 

to r-e s e r-v e s 

the sample 

costs above 60 cents are deficient with 

estimates, there may be concern about 

of pools with lower costs might not be 

biased so as to color the conclusions which have been drawn. 

All 



I __ 

Since the ~esults are entirely de~ived f~om information about 

Known pools, it is obv i ous l v important to taKe into account, 

for any particula~ formation, the extent to which the 

fo~mation has been explo~ed. Whe~e a fo~mation has been 

subjected to e xp l or a t i on drilling +or- some time, the 

I iKel ihood that c on c l u s i on s about c o s t s.t r-uc t ur e have been 

disto~ted by inadequate rese~ves data seems small. This is 

believed to be the c a se even whe~e the f orma t i on i~. still the 

subject of explo~ation ac t i vit)' , and hence cannot be 

categorized as thoroughly explored. 

Logic and expe~ience indicate that the la~gest ~ese~voi~s 

within a fo~mation wi I I be found early in the play. Even when 

the sample is I imi ted to pools whe~e costs are estimated to be 

60 cents/Mcf of less, the very large pools are observed to be 

confined to the 0-20 cent range; they do not appear in the 

20-60 cent range. It is not plausible that very large pools 

in this latter cost range would, first, es~ape detection, and, 

second, have been ignored throughout the 1970/s, when efforts 

to find new rese~ves we~e proceeding, marKet conditions 

notwithstanding. A clear implication of the r-e su l t s is the 

existence of a positive correlation between pool size and 

productivity, the chief dete~minant of unit development cost. 

It is unfortunate that the available data do not pe~mit 

e x am ina t ion of the rese~ves-cost ~elationship above the 

The f~ust~ation of not having adequate 60-cent 1 eve 1. 
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add i t i on a I information about a pool. The data bank contains 

information about higher cost reserves, although they are 

Known toe xis t , i sin her e n t i nth e est ab I i sh e d p r oc e du res +or­ 

reserves definition and description. 

The coding system used by the AERCB makes it possible to use 

other data files compi led by the Board in order to assemble 

such pool s t a t i s t i c s as average depth, pay thicKness, 

about aver· age we I I 

geogr·aph i ca 1 location (exact coordinates or Potter-Liddel 

r· e g ion) , and discovery year, as well as information about the 

weI Is dri 1 led to each pool. 

Of the required physical 

troublesome 

pr-oduct i v i t v , 

to 

par-ameters, 

informa t i on 

it has proved most 

In ear·l ier worK obser-ved output rates were 

used, and this I imited the data set to those pools which had 

been on production for several years at least. Aside from 

reducing the size of the sample of pools, use of average 

obser-ved outputs to me a s.ure ('Jell c ap ab i 1 i ty was a matter of 

concer-n. For tuna te I)', with the ava il ab iIi ty o+ the AERCB--- s 

newly compi led file providing data on absolute open flow tests 

(AOF) for over 15,000 weI Is, there is now a direct measure of 

potential well productivity. 

Use of this new fi Ie required matching pools for which weI I 

flow rates were reported (on the AOF fi Ie) with pools for 

which the other required information was available (on the 
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existing reserves file). The resulting combined file, of 

necessity contains information on fewer pools than either of 

the constituent fi les. Table A.2 indicates the number of pool 

observations in the AERCB reserves file (Column 3) and the 

number of pools that survive in the matched file (Column 4). 

It also gives the corresonding total reserves figures, in the 

AERCB fil e 

7 indicates 

da t a se t . 

(Column 5) and in the data set (Column 6). Column 

the fraction of AERCB reserves represented in the 

For all but four zones, the data cover at least 50 

percent of AERCB reserves. An explanation for low coverage in 

some formations may be that the gas is associated with crude 

oi I sc. that AOF tests wer'e not performed. Unfortunatel y, the 

data fi les are not at present set up to distinguish between 

associated and nonassociated gas; it would have been desirable 

to confine this study to nonassociated gas. 

COST ESTIMATION PROCEDURES 

Turning to the matter of expenditures, Eq. 14, while showing 

the dependence of development cost on various physical 

parameters, stops short of specifying formulas for estimating 

required investment. Eq. 8 oversimpl ifies the actual 

calculation of required number of weI Is. In fact, the 

procedure which was used for estimating expendi tures closely 

parallels tho<::.e outlined in engineering manuals dealing with 

gas pool development.r71 

A14 

---- 



The sta~ting assumption in estimating development costs is 

that one o~ mo~e wells have been d~illed into a pool, AOF 

tests have been pe~fo~med, and reserves estimated. It must be 

decided how many wells would be necessary to attain the 

~equi~ed output from the pool. Initial daily p~oduction is 

specified as 1/7300 of initial marketable gas, a standa~d rate 

when the product i on of the pool is assi gned to along-term 

con tr-ac t. The ave~age well de l i ver ab l l l t v is fixedat25 

percent of the average of available AOF test values fo~ wells 

in the pool. The 25 percent figure is an industry 

rule-of-thumb. When initial well de l i ve r ab i l l t l e s derived 

from production data are compared with AOF test ~esults, the 

ratio is 0.17, so the rule-of-thumb may impart a downward bias 

to the cost estimates. 

The number of wells required to produce a pool is given by: 

N - [1.25 ( :: ) ] (15) 

where Q = R / 7300, 
0 

q c average well deliverability. 0 

The coefficient 1.25 impl ies a design capacity 25 percent in 

excess of the required daily rate. Square b~ackets signify 
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that N is rounded up to 1 if less than 1, otherwise to the next 

higher integer from X.50 or the next lower integer from X.49. 

The next task in the cost-calculation procedure is that of 

estimating the investment required for reservoir development; 

this depends not only on the number of wells needed but also on 

such factors as depth and location. It was necessary to 

develop cost formulas that could be applied to all pools. These 

formulas can at best yield cost estimates which are subject to 

considerable error. The attempt was made, however, to give 

appropriate recognition to the variation in costs across pools 

which arises because of differences in physical attributes of 

the pools. 

Costs (on a per well basis) include contractor drilling costs, 

noncontractor costs, and operating costs. All three categories 

of cost have been estimated as depending on depth alone. More 

comprehensive analysis involving the effects of location and 

including the economies of scale achievable by the installation 

of several wells in a particular location has not been 

undertaken. The procedure for each category of tost is 

considered separately. 

• 
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W~ean[8] with some modification in functional fo~ms 

CONTRACTOR DRILLING COSTS 

These costs, which fo~m app~oximat.ly 35% of total well 

d~illing and completion costs, h.ve been estimated by D. 

cont~ibuted by A. Hansson. The p~ocedu~e is a two-stage one: 

(1) estimation of a daily ~ental ~ate fo~ ~igs dependent on 

ta~get depth (which va~ies because of the diffe~ent classes of 

~eplacement costs fo~ five depth ~anges. The ~eplacement 

~ig ~equi~ed), and (2) estimation of d~il 1 ing days ~equi~ed, 

also dependent on depth. 

The estimation of daily ~ental ~ate was pe~fo~med using data 

f~om a su~vey of ~ig operators who cha~ge on a daily basis.[9J 

The data give average daily ope~ating costs and ~ig 

costs were converted to a daily ~ental fee and the total of 

the two costs was ~eg~essed on depth. A 1 inear functional 

form was found to give the best fit. The regression results 

(t ~atios in b~acKets) follow: 

Dally rental = 3062 + .344 D 
(12.0) (10.4) 

= .9795 

whe~e D is the depth in feet, and ~ental is in 1980 dollars. 
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The estimation of days of drill ing required was done using a 

subset of the AERCB Basic Well File. The elapsed time between 

the start of drill ing and completion (with outl ier points 

removed) was regressed on recorded depth. The best fit was 

obtained using a quadratic functional form: 

DrillIng days = 2.004 
(7.88) 

(.6262 x 10-~)0 + (.2646 x 10-6)02 
(-.371) (10.7) 

R2 = .9283 

where 0 is depth in feet. 

NONCONTRACTOR COSTS 

These costs form approximately 65% of well costs. A breaKdown 

by type of expenditure was found in a study by the Petroleum 

Services Association of Canada of six typical wells.£lOl 

Expenditure categories from the PSCA study were divided into 

those that appeared to be depth dependent and those that 

depend on other factors. The latter were simply averaged, 

giving a value of $239,516 per well ($1981). 

The depth dependent quantities were aggregated and regressed 

on depth. An exponential functional form was found to give 

the best fit: 

Non Contractor Costs = 175 250 (e(1743 x 10-7) 0_1) 
(17.8) 

= .9466 
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The exponent was estimated in a nonl inear procedure, thus a t 

ratio is not reported. 

Combining the expressions for contractor and non-contractor 

costs, investment cost per well becomes: 

wId} = (.3062 + .344 0)[2.004 - (.6262 x 10-~)0 + (.2646 x 10-6)02] 

+ 239,516/1.101 + 175,250/1.101(e(1743 x 10-')0_1) 

Division by 1.101 corrects 1981 dollars to 1980 dollars. 

Operating Costs 

Estimates of the cost of operating a natural gas well were 

obtained from a study by Sproule Associates Limited.[lll 

These costs are specified as 1 inearly dependent on depth with 

a fixed component, as follows: 

Operating costs = c(SOO + .2 D) 
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where costs are in 1979 dollars per well month, and c is a 

factor which assumes values of 1.0 for sour gas and 0.6 for 

sweet gas. Coefficients used were those for sour gas, since 

the basic data file contained no measure of sulplur content. 

Operating costs were assumed to be constant throughout the 

operating life of the well (here, 20 years). The present 

value of this 20 year stream of expenditures for one well is: 

{
I -tot . 

k{ d} at lr = -.,. A. Î 12 (500 + .2 0) 

These costs are inflated from $1979 to $1980 using the Nelson 

refinery cost index taKen from the Oil and Gas Journal. 
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Footnotes to Appendix A 

1. A memorandum by Montr~al Engin~~ring Company Limited, 

entitled "Use of Lev~l iz~d Uni t Costs for Economic 

Analy-:.i=." IAla-:, i n c l u de d in t h e d i r e c t e v i de nc e of Dr'. 

Donald E. Armstrong on behalf of Alberta and Southern at 

th~ National En~rgy Gas Export Omnibus Hearing, 1982. 

2. T a toi eA. 1 p r· 0 v i d ~ s a -:. u mm a r· y 0 f s vrn bol sus ~ din tri i spa per • 

y~ar' -: .. 8~cause of the force of discounting, this wou l d 

on 1 y a I t ~r' th~ b-factor by a minor amount. For example, 

if product i on cont i nues to de c l i ne at 10 p e rc s n t p e r- >'~ar' 

and t h e ra t e of d i s.c oun t is 8 p e rc e n t , the b+f a c t or- only 

incr~ases by 1.9 percent when the production period is 

Incr~as~d from 20 to 40 y~ars. 

4. Th i s indivisibility also influ~nces cost for pools wi th 

rnore than one I.AJ~ 1 I • Howev~r, the effect rapidly becomes 

small. The practice is to round the figure for required 

number of weI Is to the n~arest int~ger. Thus if 1.5 wells 

would provide the required initial c ap e c i t v , and this is 

rounded to .-:. .... , dC11 I ë<.r· i nv e s trne n t per' un i t cap ac i t y i s 

increased by at most 25 percent. When there is at least 

one weI I rounding downward also occurs, so (exc~pt for the 
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one-v,le 11 cas.e) the indivisibi 1 it)' is treated not as a 

sou r· ce of sc ale dise c on om i es stemm i n g f r· om in div i s. i b i 1 i t v . 

The exploration well c an be uti 1 i zed; C omp 1 et i on bu t not 

dr-i l l ing c o s t s +or- this. well are charged tCI development. 

5. Energy Resources Conservation Board, Alberta?s Reserves of 

Cr'ude (Ii 1, Gas, Natur'al Gas Liquids., and Sulphur, ERC8 

79-18, December 1978, p.1-2. 

6. The reserves data are the AERC8 figures for in it i a l 

marKetable gas as of 1981. The appreciation factors were 

deve loped b;>' the AEReE: (Gas. Res.er~)€·s. Tr·ends., 1980) in 

order to adjust reserves credited to the most recently 

discovered p oo l s t owaro more real i s t i c values. The effect 

oft h e adj u s t men twa s qui t e sm all, ani ncr' e a s e 0 f 1 e s s· 

than 6 p e rc e n t. 

7. See, for example, F.W. Cole, Reservoir Engineering Manual 

(Gulf Publ ishing Company, 1969), or C.U. l k ok u , Nët.tur·al 

Gas. Eng i neer· i ng: A Systems. Appr'oach (Penwe 11, 1980:>. 

8. D. llJrean, unpublished "Extended Ess av j " Un i v e r-s i t v of 

8ri tish Columbia, 1981. 

9. Canadi an Assoc i at i on of Oi l we l l Dr ill i ng Con t rac t ors, Cost 

Study, 1980. 
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10. Petroleum Ser·vice:. Association of Can ada , Well Cost 

An a i )0':. i :., Ap r· ill 9E:: 1 . 

11. Sproule Associate Limited, Evaluation of Canadian Oil and 

Gas Properties, Calgary, 1979. 

A23 



TABLE A.l 

List of Symbols Used in Appendix A 

a tl r 
b tlr 
c = total unit production cost ($/MCF) 

= annuity factor 

= production discount factor (defined in paper) 

c = unit capacity cost ($/MCF) c 

C = unit capacity cost ($/MCF) 0 

d (or D) = depth 

E = operating expenditure ($/unit time) 

lc = present value of capacity expenditure 

I = present value of operating expenditure o 
.t = location 

N = number of wells 

qo = average well productivity 

Qt = output of pool (MCF/unit time) 

r = rate of interest 

R = initial marketable reserves (BCF) 

T = period of planned production 
W cost of a well 
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Table A.2 

Formations Studied and Data Coverage* 

VO I ume or 
Number of Number of Volume of Reserves in 

Formation Name Zone Pools with Pools in Reported Data Set Ratio: 
Code Reserves Data Set Reserves(BCF} (BCF) (6}/(5) 

1 Rundle 6100 125 52 10566 7609 .72 
2 Milk River & 1581 57 0 9536 0 0 

I~edi ci ne Hat 

3 Leduc 7200 120 43 8323 6626 .80 
4 Viking 2180 1327 268 4768 2423 .51 

5 Beaverhill 7440 27 4 3733 2200 .59 
6 Elkton Shunda 6390 20 3 3289 91 .03 

7 Upper 
Mannville 2500 1600 417 3276 1757 .54 

8 Lower 
Mannville 3100 952 263 2841 1469 .52 

9 Wabamun 6580 202 78 2803 2050 .73 
10 Cardium 1760 129 28 2338 551 .24 

11 Gl auconi ti c SS 3000 338 107 2087 1459 .70 
12 Upper and 

Middle Viking 2191 11 5 2016 2003 .99 

13 Mannville 2480 685 171 1930 983 .51 
14 Pekisko 6420 116 39 1754 1469 .84 

15 Rundl e 
Wabamun 6110 1 1 1727 1727 1.00 

16 r~ississippian 6000 19 7 1403 671 .48 

17 Debolt 6120 84 19 1342 185 .14 
18 Seags 1861 6 0 1312 0 0 

19 Bow Island 2130 452 115 1311 675 .51 
20 Colony 2560 697 191 1298 740 .57 

21 Elkton 6380 39 12 1168 978 .84 
22 Wabiskaw 

Wabamun 3061 4 2 866 860 .99 

23 Bluesky 
Gething 3041 6 3 83 81 .98 

(I) (2) (3 ) (4) (5 ) (6) (7} 

* Explanatory notes on following page. A25 



Formations are ordered by total volume of reported 

Notes to Table A.2 

reserves. 

The remaining notes refer to column number in the table. 

3. The number of pools for which reserves data are avai labl~ 

in the fi Ie compi led by R.S. Uhler from the 1981 AERe8 

reserves fi le. 

4. The number of pools contained in the data set (matched wi th 

AOF test results). 

5. Reserves reported in Uhler fi Ie (~3 above). 

6. Reserves represented in the data set. 
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APPENDIX B 

COST RESULTS FOR EACH ZONE 
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Notes to Tables in Appendix B (by column number) 

2. The average across pools in the category of unit development 

cost So. Each pool cost figure is weighted by that pool's 

share of total reserves. 

8. The average across pools of average weI 1 productivity. Each 

pool fi çure is weighted by that pool's share of total 

reserves. Units: MMCF per year. 

9. The average across pools of pool depth. Each pool figure is 

weighted by that pool's share of total reserves. Units: 

feet. 
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APPENDIX C 

REMAINING ESTABLISHED RESERVES 

The curves reported in the main body of the text relate 

initial reserves to development cost. In analyzing the 

structure of costs for various producing formations it was 

appropriate to use reported ini tial reserves as a measure of 

the natural endowment of the resource. It was noted, however, 

that supply curves normally indicate outputs which are 

available. Where stocks are being considered in this context, 

one would therefore wish to exclude volumes that had 

previously been produced. 

Curves relating remaining establ ished reserves to development 

cost can be derived by subtracting cumulative production from 

the values reported for ini tial reserves. Remaining reserves 

are contained in pools which mayor may not have been placed 

in production, and this must be taken into account in 

interpreting these quantities as a supply measure. Whether 

gas is avai lable from producing pools to meet additional 

demand depends on the extent to which reserves in these pools 

are committed under existing contracts and on the possibi I ity 

of increasing pool recoveries (the latter is the first of the 

reserve-creating activities I isted in the text). Presumably 

Cl 



gas contained in pools not yet in production is avai lable to 

meet new demand (development of these pools is the second of 

the 1 i sted reserve-creating activities:>. However, as 

previously discussed, the quanti ties of reserves assigned to 

Known but undeveloped pools are nominal amounts. The 

appl ication of historical appreciation factors adjusts these 
.. 

+i çur-e s in the correct direction, upward, but cannot be 

regarded as a very satisfactory procedure. The actual volumes 

in these pools could be estimated ei ther using a pool-by-pool 

reservoir engineering approach or through the use of models of 

the exploitation of gas-bearing formations; both approaches 

require additional geological information and assumptions. 

Without expanded analysis, curves relating remaining reserves 

to development cost are n o t ver'>' helpful in analyzing the 

abi I ity of a supplying region to meet new demand for natural 

o a s • 

Comp ar' i son of c urv e s (or schedules) relating remaining 

reserves to development cost wi th corresponding curves in the 

text based on in it i a I reserves is, nevertheless, of some 

i n t e re st , Fi r s t , the basic shape of the curves is unchanged, 

a:, can be illustrated by comparing the curve for Rundle 

( F i gu r' e C. 1 ) ("I i th Fi gu r e 3. 1 ( c ) in the text. It should be 

noted that the available data set only contained production 

figures from 1962, but this omission only affects a very small 

proportion of pools, and these to a I imited degree. It doe s 

not, therefore, distort the comparison being made. 
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The data also confirm the tendency described in the text for 

relatively cheaper pools to be more heavi ly exploited. Thus 

when the share of initial reserves is arrayed according to 

cost category, it is observed that greater shares of the lower 

cost categories have been produced. This is shown in Table 

C .1. For three formations ViKing Sandstone, Mannvi I Ie and 

Rundle pools are divided into four groups containing 

roughly comparable total volumes of initial reserves. The 

group wi th lowest development cost in each case shows the 

greatest percentage produced. The group with the highest 

development cost shows the smal lest percentage produced . 

• 
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APPENDIX D 

COST RESULTS FOR MANNVILLE HORIZON 

A disaggregate appr-oach to supp I)' analysis would be 

facilitiated if it could be demonstr-ated that formations, the 

basic population unit for- economic-geological modelling, could 

in cer-tain cir-cumstances be combined to form lar-ger groupings. 

For- this to be appropr-iate, evidence would be requir-ed that 

the larger population was still characterized by geological 

homogene it>'. In the cour-se of this resear-ch, for-mat ions 

identified as comprising the Mannville horizon were pooled, 

and the structur-e of development costs was examined. Tests to 

establ ish geological homogenei ty were not carr-ied out, so no 

fir-m basis for- aggregation could be claimed. However-, with 

respect to the relation between development cost and r-eserves 

stocKs, Mannvi I Ie hor-izon displayed the same pattern as was 

observed for- individual formations. 

Mannville hor-izon is specified as comprising the for-mat ions 

wi th ERC8 code numbers between 2440 and 3501. Wi thin this 

r·a.nge t h e re are abou t ninety 1 isted formations, but in fact 

the bulK of pools containing r-eported reserves I ie in only 

about a half-dozen for-mat ions. Tabl e D. 1 sh CIWS i nit i a I 

r-eser-ves by cost category for Mannvi lIe horizon and fol lows 
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the same format as Table 3.1 in the text. It represents data 

from 1871 pools. 

The pattern observed for individual formations, where a high 

fraction of total reserves is contained in the lowest cost 

pools, is repeated for Mannvi I Ie horizon. For example, eighty 

percent of reserves are contained in pools where development 

cost is under forty cents. Again the relation between 

development cost and cumulative initial reserves is best 

conveyed by elasticity figures. These are presented in Table 

D.2, which is analogous to Table 3.5 in the text. As with 

individual formations, elasticity of reserves with respect to 

supply price is above unity for the cost range below 20 cents, 

and then falls sharply, 
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Notes to Table 0.1 (by column number) 

2. The aver~ge across pools in the category of unit development 

costs. Each pool cost figure is weighted by that pool's 

share of total reserves. 

• 

8. The average across pools of average well productivity. Each 

pool figure i s weighted b)' that p oo l r s share of total 

reserves. Units: MMCF per year. 

9. The average across pools of pool depth. Each pool figure is 

weighted by that pool~s share of total reserves. Uni ts: 

fee t. 

D4 



Ul 
ri 
0 
0 N -e 0 \0 p... CO 0\ N M -e \0 M .-f 
\j.1 
0 

CIl 0 ~ Z 
tJ 
0 
oU 
Cf.) 

CIl c:: 
Q) oU 0 > CIl N 

N $.I 0 ~ . Q)U $.I 
0 CIl 0 >. 

Q) oU ::x: oU p::: c:: ~ ~ Q) o ~ = Q) ~ N 0 ~ 0 
~ ri P. ri oU N M ri ri 

<1l 0 ...-f OJ . 
E-t ~ri ~ <1l ...-f 0 0 0 

.oU Q) 
~ 

ri ~ > ~ c:: al c HO 
~ 

\j.1 0 o oU 

oU 
M tJ 

>'Q) 
oU P. 
~ CIl ,.... 
tJ Q) Q) 
~p::: OCr.... 
oU c::u 0 0 CIl.c ~~ 0 0 0 -e 
tU oU N \0 .-f ri 
ri~ - ~ ) oU 

CIl~ 
0 N 0 0 0 
U '-' N \0 0 

ri 

D5 



1. Elasticity is defined as the ratio of percentage increase ... ' 

Notes to Table D.2 

in initial reserves stocks to percentage increase in 

development cost, 

R 
( ) 
R avg. 

c 
( ) 

C avg. 
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