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The replacement cost of oil is the constant selling 
price that will recover the full expenses of exploration, 
development, and production of domestic crude oil with a 
reasonable return on capital. The computer code ORION 
calculates the replacement cost of oil for 20 regions of the 
United States: 6 onshore regions and 14 offshore regions. 
The replacement cost depaxk on pammetex-s like the finding 
rate for oil, capital costs, operat% costs, tax rates, and 
the d i m t  rate. 

This report presents the results of a sensitivity 
analysis of ORION. In the analysis, sensitivity coefficients 
were calculated for all of the parameters in ORION; the 
coefficients are defined to be the ratio of the percentage 
cjhange in the replacement cost to the percentage change of a 
parameter. The sensitivity analysis of ORTON was performed 
using an automated procedure based on the GRESS preccanpiler. 

For both the offshore and onshorn regions, the parameter 
with the largest sensitivity coefficient was the discount 
rate. The sensitivity coefficient for the discuunt rate is 
approximately q u a l  to the lead-th. Since the lead-times 
are 3 years for the onshore regions and 5 to 15 years for the 
offshore regions, the discount rate coefficients can be 
significantly larger than 1.0. 

For the onshore regions, parameters related to oil 
production (like the reserve discoveries an3 the number of 
exploratory wells) had larye sensitivity coefficients. For 
the offshore regions, a weather parameter had large 
sensitivity coefficients. 
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1. I3mxxKmm 

The objective of the Department of Energy's Fossil Energy 

(IXIE-FE) program is to manage a program of long-term, high-risk R&D to 

develop advanced energy technologies that produce or coltfllme fossil 

en-. The managemnt of the prqram continually faces the question: 

when will an advanced technology be cmptitive with any alternative 

technologies? The stand& mthd for ccrnrparing a set of alternative 

technologies is to perfcrrm a discounted cash flaw analysis. There are 

lMnytypesof- ted cash analysis; one of the stand& mth& is 

to calculate a life-cycle cost for eadl alternative technology. The 

life-cycle cost is the constant or levelized cost t h a t  will recover 

all of the eosts necessary to produce the product over the life-cycle 

of the project. The technology with the lawest life-cycle cost will 

be the market choice. DOE-FE supporb researc31 to produce liquid and 

g a m  fuels. W comentimal technology to produce these fuels is 

to drill wells to extract liquid or gaseous fxels. Since the advance3 

technologies must compete with the conventional technology, the 

life-cycle cost of conventional oil and natural gas is of interest to 

the m g a w n t  of the Fossil I;lnergy prccjram. 

Conventional oil and gas are finite resources. As the resources 

are consumed, the life-cycle cost of the next barrel, the replacement 

cost, w i l l  incmase. As the replacement cost increases and R&D lcrwers 

the cost of advanced energy technologies, eventually the advanced 

technologies will penetrate the market. 

The Fossil Energy program has sponsored research by the Oak Ridge 

National Laboratory ( O m )  and its subcontractor I A w h  and Associates, 

Inc. (=A) to develop a set of computer models to f o r e c a s t  the 
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replacement cost of domestic crude oil and natural gas. The LtkA 

versions of the models are called REPCO while the ORNL versions are 

called ORION. Both 17Epo3 and ORION calculate the same values for the 

replacement casts for  16 of the 20 regions. The replacement cost 

methodology used in the models is described in detail in reference 

one. The differences between REP20 and ORION will be discussed 

follaJins a brief discussion of the repla-t cost methodology. 

The replaammt cost of domestic crude oil is the constant or 

levelized selling price that will recover the full expenses of 

exploration, developement:, and production with a reasonable return on 

capital. In ORION, the replacement cost contains the full cost of 

adding new reserves, including: 

Initial investment costs for geological work, lease casts, dry 
holes, and the discovery well; 

The mbsquent investment costs for developing the oil field; 

Normal operating costs, plus any special costs for conducting 
secondary anrJl enhanced oil recuvezy; 

Price adjustmnts for crude oil gravity and transportation; 

Royalties, sxw- We.3, Windfall Frofits Taxes, and federal 
and state incame taxes; and 

Return on capital, based on a discount rate that reflects the 
long term return on invested capital within the petroleum 

The heart of ORION is the calculation of net present value in the 

subroutine ANETPV. Consider a project with a lifetime of M years. 

For- the f i r s t  few years, the operators of the project will be drilling 

industry. 

wells and making other i n v s m b ;  and the after-tax cash flow will 

be negative. When the project begins to produce oil and gas, the 

after-tax cash flow will depend on the selling price for the gas and 
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oil; the higher the selling price, the hisher the after-tax cash flaw. 

A project  reccwers the fu l l  expemes of exploration, development, and 

production w i t h  a reasonable return on capital when the discounted sum 

of the  after-tax cash flow over the lifetime of the project is zero. 

The replacement cost  of domestic crude o i l  is t h e  p r i c e  of o i l  

(constant over the l i f e t i m e  of the project) that w i l l  yield a zero 

net present value; that is, a zero value for the discounted sum of the 

after-tax cdsh f law ova the lifetime of the project. 

Given t i m e  histories of capital hrestmmt, operating costs,  and 

production rates; arid parameters like the discount rate and tax rates, 

the subroutine ANEIW w i l l  calculate the  net present value fo r  any 

given pr ice  of o i l .  One of the  major differences between REKD and 

ORION is that REP20 uses the method of bisection t o  calculate the 

replacement cost ,  w h i l e  ORION uses Newton's mthod. The method of 

bisection consists of choosing the next guess a t  the replacement cost  

a s  the average of the two previous guesses that w e r e  the best upper 

and lower bounds. Newton's method consis ts  of connecting the two 

previous best guesses with a line and using the line t o  estimate the 

price that w i l l  y ie ld  a zero net present value. Although the two 

mthcds converge to  the same result, Newton's method is generally much 

faster than the method of bisection. 

For the four offshore Atlantic Coast regions, REPCX) and ORION 

calculate different values for the replacextent cost. I n  both models, 

the time required to  build a platform (IPT'IM) is one year for each 300 

feet of w a t e r  depth. H m e v e r ,  when the w a t e r  depth is exactly 300 

feet (or 1500 feet), REKD calculates a building t b  of 2 years (or 6 

years) ; while calculates a building t i m e  of 1 year (or 5 years). 
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Since the water depth is 300 feet for the two Atlantic Coast shelf 

regions and 1500 feet for the two Atlantic eOast slope regions, ORION 

calculates a lower value for the replacement cost f o r  the four 

Atlantic Coast regions than I?EFCO. 

This report presents the results of a sensitivity analysis of the 

ORION model for the replacement cost of domestic crude o i l .  In the 

mdd, the replacement cost: depmds on param?ters like historical data 

on the finding rate, capital costs, operating costs, tax rates, and 

the discount rate. In the analysis, sensitivity coefficients w e r e  

calculated; the coefficients are defined to be the ratio of the 

percentage change in the replacement cost to the percentage change af 

a pajzmeter. 

Conventional sensitivity analysis normally is performed using a 

perturbation procedure. In a perturbation analysis, a parameter is 

varied by a small amount (for example, one percent) and the 

sensitivity coefficient is estimated by comparing the perturbed 

replacement cost to the base case cost. The perturbation apprmch 

becomes inpractisal for large mgdels with m y  parameters. 

The sensitivity analysis of the O R I W  &el was performed using 

an autamated procedure based on the GRESS precompiler (GRESS is an 

acronym for GKadient-Enhanced Software System). In the automated 

procedure, c;REsS is Useex to process the FORTRAN code for the model. 

For evay equation in the rrtcdel, WSS autamatically enhmc%s the code 

w i t h  new ETXIR?N code to analytically calcula- the derivative of the 

replacement cast with respect to each parameter selected for analysis. 

when the gradient enhanced version of the model is wn, both the 

replacement ctxts and the sensitivity ooefficients are calculated by a 



single run. 

references two and three. 

The GRESS procedure is described in more detail in 

ORICRJ calculates a supply curve; a schedule of replacement cost 

versus increments of undiscovered petroleum. Sensitivity analysis 

could be performed for both the replacement cost an3 the increments of 

undiscovered oil. Since the magnitude of the increments of 

undiscovered petroleum is directly related to the input data, no 

additional insights about the model structure could be gained by 

perfonning a sensitivity analysis for these variables. Since the path 

from input data to replacement cost is long and tortuaus, we focused 

our study on the sensitivity analysis of the replacemnt cost. 

ORION uses t w o  different methods to calculate replacemint costs: 

one method for onshore oil and another method for offshore oil. The 

sensitivity analysis of the onshore model is presented in section two 

while the analysis of the offshore model is in section three. To 

validate the results of the automated analysis using GRESS, a 

perturbtion analysis was performed for selected parameters. The 

validation of the QzEss analysis will be discxlssed in section four. 

To hipme our understanding of the results of the sensitivity 

analysis, we will develop an approximate analytical expression for the 

replacement cost in section five. Us- the analytical expression for 

the replacement cost, we will derive analytical expressions for 

several of the sensitivity coefficients. 'I% analytical expressions 

for the sensitivity coefficients will help us understand the 

magnitudes of the coefficients and the relationships between the 

coefficients . 
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Tzle conclusions of the sensitivity analysis are presented in 

section six. ?he detailed results of the analysis for the onshore and 

offshore models are presented in two appendixes. A third appendix 

presents arguments in favor of decreashg the magnitude of one of the 

most significant p r a m e m  (FTCKG). 
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To calculate the replacement cost for dcnnestic crude oil, ORION 

uses two different methods: one for onshore and the other for  

offshore. This section will discuss the GRESS results for the onshore 

model. The onshore module calculates the replacement cost for six 

regions: 

1. westcoast 
3 .  Midconthat 
5. GulfCoast 

2. RockyMoevrtains 
4. WstTeXas 
6 .  Appalachia. 

For each region, the onshore module divides the estimate of 

undiscovered resource into eight equal increments or intervals and 

calculates the replacemmt cost for each intewal. For example, the 

undiscovered oil in the West Coast region is estimated to be 4,256 

million barrels. Each interval is allocated one eighth of the total; 

that is, 532 million barrels. The base case replacement costs are 

displayed in the following table. For the West Coast region, the 

replacement cost for the first 532 million barrels is $18.34 per 

barrel; for the sixth increment of 532 million barrels, the 

replacemnt cost is $69.93 per barrel. 

As tire ~es0urce.s are discover&, the replacement cost for the 

next resource interval increases. Thus, for each region, the 

replacement cost increases steadily as the amount of undiscovered 

resource decreases. F o r  the first region (West Coast), the 

replacement cost increases from $18 to $70 as the resource is 

consumed. For the fourth region (West Texas), the replacement cost 

increases from $54 to $133 as the resource is consumed. The 

replacement cost is higher for West Texas because the region has been 

thoroughly explored and mre of the resource has been found. 
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I f  the replacement cost is greater than $200, ORION stops the 

calculation and reports a replacement cost of $199.99 ( for  example, 

the base case replacement costs for the eighth resource interval are 

a l l  more than  $200 and are not  shown i n  Table 1). When t h e  

replacement cost is greater than $200, the reported replacement cost 

($199.99) is not sens i t ive  t o  s m a l l  changes i n  parameter values. 

Thus, w e  cannot perform a sensit ivity analysis when the replacement 

CQSt is gram than $200. 

W e  have calculated sensitivity coefficients for 42 parameters; 31 

of t h e  parameters are inpu t  data;  10 of t h e  parameters  a r e  

intermediate resu l t s ;  and one of t he  parameters is related t o  the 

structure of the &el. A l l  of the input data is represented by the 

31 parameters; sarne of the parm&ers are siqle  ntmbers (for example, 

the discount rate),  while other paraxeters are related to  arrays. 

An example is the parameter for the array FFIUIT, the large field 

production profile. PMULT is an array of 20 numbers t h a t  are the 

f ract ion of production that occurs in each year. W e  could call each 

of the 20 numbers a parametey. and mlcula te  20 separate sens i t i v i ty  

Table 1. F@placemnt Cos t  of Dtnm?stic crude O i l  
by Region and R e s o u r c e  Interval 

Units - $1983 per Barrel 
Resource RegiQn 
Interval 1 2 3 4 5 6 

1 18.34 21.73 21.80 54.41 16.58 18.83 
2 20.85 24.49 24.30 73.11 18.74 21.07 
3 24.68 27.75 27.30 77.32 21.16 23.96 
4 31.73 35.35 32.98 132.70 25.16 26.15 
5 46.32 54.92 38.84 199.99 31.51 36.17 
6 69.93 89.15 62.00 199.99 40.12 58.90 
7 199.99 199.99 141.93 199.99 72.14 119.58 



9 

coefficients. Since each of the elements of pIJBTI;T has a similar role 

in the calculation, we intxcduce a single parameter (equal to unity) 

that multiplies each element in m. By introctucinq this parameter, 

we can analyze the sensitivity of the replacemmt costs to a uniform 

change in all of the elements of the array. 

For a large field, the annual oil production is the product of 

the total praduction over the 20 year life of the well and pf/llJLT. 

-inq each elemmt of by 1% is equivalent to imcreasw the 

total production Ercrm a well by 1%. !RIUS, the sensitivity coefficient 

for the pMuluT parameter is a measure of the change in replacement cost 

due to a change in oil production. 

The intennt&~ 'ate p r a n ~ t e r s  were included to allow comparisons 

between the onshore and offshore models; most of the intermdiate 

parameters are inputs to the subrouthe ANEIW, w h i c h  is used by both 

models. The structural parameter (PRCHG) causes the rtlcdel to have 

higher sensitivities when the replacement cost is greater than $30. 

For each of the 42 parameters, sensitivity coefficients were 

calculated us- GRE.5; the coefficients are defined to be the ratio 

of the percentage change in the replacement cost to the percentage 

change in the parameter. For the onshore model, there are 42 

replacement costs displayed in Table 1: 5 of the replacement costs are 

greater than $200. Thus, sensitivity coefficients can be calculated 

for 37 replacement costs and 42 parameters: for a total of 1554 

coef f icimts . 
The detailed results are displayed in Appendix A. The first 

table in Appendix A is a summaxy of the results; for each of the 42 

parameters, the summary table displays the m u c h  value, the minimum 
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value, ami the mean value of the 37 sensitivity coefficients. Since 

the sensitivity coefficients are higher when the replacement cost is 

greater than $30, the summary table displays separate maximum, 

minimum, and mean values for the low replacement costs (the 17 

replacemnt msts that are less than $30) and for the high replacement 

costs (the 20 costs that are greater than $30). 

Tables A-2 to A-34 in Appendix A present detailed sensitivity 

coefficients for 3 3  of the 42 param-. The criteria for chm- 

the 33  parameters was that the mean value for the sensitivity 

coefficients for replacement crests that are greater than $30 should be 

lqer in magnitude than 0.10. 

ORION is a bimodal model; the two modes are: less than $30 aril 

m o r e  than $30. The b-1 behaviar begins at a replacement cost of 

$30 when the inflation factor PRCHG is activated h the subroutbe 

ANETPV. The bimodal behavior of ORION is clear in Table A-2 of 

Appendix A. For the 17 replacemmt Costs that are less than $30,  the 

sensitivity cmefficient for the discount rate ranges from 2.90 to 

4.35. For t h e  20 replacement costs that are greater than $30, the 

axfficient ranges frm 6 .03  to 15.59. Furthermore, the values in 

Table 2 of Appendix A generally increase down the column. As the 

replacement cost increases, the sensitivity coefficient increases. 

In Tables A-3 and A-4 of Appendix A, the sensitivity coefficients 

are larger when the replacement cost is more than $30, but the 

magnitudes of the values do not increase d m  the column. m e  Tables 

in ix A illustrate that ORION is a b-1 model but they do not 

explain why OmON is bimcdal.. In Appendix C, we discuss the inflation 

factor PRCRG and explain haw PRCTG ca- OfucON l&o be bimodal. 
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In  t h i s  section, we w i l l  confine OUT attention to 20 of the 31 

input parametem. The criterion for choosing the 20 parameters w a s  

that they had the largest mean values for the sensitivity coefficients 

when the replacement costs w e r e  less than $30. The 20 parameters and 

t he  mean values  for s e n s i t i v i t y  coeff ic ients  fo r  high and l o w  

replacement costs are. displayed i n  Table 2. The bimodal behavior of 

ORION is clear i n  Table 2; in most cases, the mean values for the 

sensitivity coefficients inrrease by a t  least a factor of two when the 

replacement cost is high. 

Table 2. The Onshore Model Input m t e r s  w i t h  
the Largest Sensitivity coefficients 

k 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Cost < $30 

Mean 
3.82 
1.16 
-1.16 
-0.98 
-0.96 
0.36 
0.31 
0.28 
-0.28 
0.26 
0.17 
0.14 
0.14 
0.14 
-0.13 
0.12 
0.12 
0.10 
-0.09 
-0. oa 

Cost > $30 

MC3U-l 
9.51 
2.84 
-2.84 
-2.46 
-1.87 
0.76 
1.02 
0.38 
-0.38 
0.51 
0.37 
0.52 
0.27 
0.33 

-0.31 
0.26 
0.24 
0.19 

-0.40 
-0.17 

parameter 
D I S m  - Discozmt- ,Rate  
WELLS - E;rsplorat~ry oi l  W e l l s  
RESV - New Reserve D i s c o v e r i e s  
IlIMuI;T - Small Field Profile 
Fl” - Large Field -file 
D R I ~  - Drilling Cost 
IWUL - W e l l  produdion Tables 
TD - TQtal DevelalJment wells 
E - Successful Welop W e l l s  
OPRAT - Operating Cost Ratios 
DEPLIF - DeprE3ciation Life 
cH(X1s - Dry Hole C o s t  
opcos - operating cost 
mYL - Royalty mte 
API - Crude O i l  Gravity 
nQvrcx, - Equipmnt C o s t  
m P  - Waterflood Cost 
FTAX - Federal Incam Tax Rate 
IFID - Field 3?roduction Tables 
I N C E  - Incame Tax Credit Rate 
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The parameter w i t h  the l q e s t  sensitivity is the discount rate 

( D I S W ) .  The medn values for the sens i t iv i ty  coeff ic ients  f o r  the 

discount rate are 3.82 when the replacement cost is less than $30 and 

9.51 when the replacement cost is greater than $30. In Table 6 of the 

next section, we w i l l  show that when the replacerrent cost is less than 

$30 the sensitivity coefficient for the discount r a t e  is approxhtely 

equal t o  the lead-time between the start of dril l ing and the start of 

production. For the onshore regions, the lead t i m e  is three yeaas and 

the sens i t i v i ty  coefficients raxrge fm 2.90 to  4.35 w i t h  an average 

of 3.82. Thus, the sensitivity @oefficients are approximately equal 

to 3 0 ,  the lead the, when the replacement CQst is less than $30. 

In  addition t o  having a large sens i t i v i ty  c o e f f i c i e n t ,  t he  

discount rate is a controversial parmeter .  Economists can have 

heated arguments about whether the discount rate should be 3% or IO%, 

which is the value used i n  ORION. The discount rate is used t o  

compare a f33xre dollar to  a mat dollar. For the public sector,  

the discount rate could be the real interest rate on g c w e m t  bands; 

the interst rate minus the inflation rate. For the period from 1961 

t o  1984, the average real in t e re s t  rate w a s  1.4%. In  the last few 

years, the real interest rate has been higher; t he  average rate for 

the period from 1980 t o  1984 was 4.4%. For the private sector, the 

average value for the p r h  rate was 3.3% fram 1961 t o  1984 and 7.9% 

f o r  t he  period f r o m  1980 to 1984. The appropriate discount rate for 

OFUON should ke the real interest rate far  the o i l  and gas industry, 

which has been somewPlat higher than the p r h  rate. 

The next four parameters i n  Table 2 (WELLS, RESV, IX)MUL,T, and 

PMULT) are related to the crude oil produckion f m  an average well. 
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To aid in the understamiirq of the sensitivity coefficients for the  

production parameters, w e  will summarize the calculation in ORION. 

The u n i t s  of the replacemnt cost are dollars per barrel. An increase 

in production will cause a decrease in replacement cost. If a 1% 

increase in prduction i n c n m ~ ~  revenue by 1% without any increase in 

expenses, the replacement cost would decrease by 1% and the 

sensitivity coefficient would be -1.0. Thus, the magnitude of the 

sensitivity coefficients for the production parameters should be 

approxin&ely equal to 1.0, when the replacement cost is less than 

$30. AS expecrted, the mean values of the sensitivity coefficients for 

the production parameters (WELLS, RESV, U=MULT, and l3lUW) are in t h e  

neighborhood of 1.0, when the replacemerrt cost is less than $30 (see 

Table 2). 

In addition to the four production parameters in Table 2, 

sensitivity coefficients w e r e  calculated for five other production 

related parmetem (YPROD, DELR, F'R(1) , AVDEP, and DRILL). Since the 

production parameterz; have large sensitivity coefficients, we will 

discuss the role of each of the n h  pammters in the calcxilation of 

replacement cast. In ORION, the prcducticm from a field (YPROD) is a 

convolution of production from a well (PROD) and the number of 

development wells (DEXR) ; that is, total production from a field is 

the sum of production from individual wells. The production schedule 

for a well is the prcduct of the total. oil ultimately recovered frcxn a 

well (WLT) and the production profile. Two production profiles are 

used: RJKJIYF and LCMJIS. PMULT is the production profile for large 

fields while LCNLJIX is the profile for small fields. 
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The total oil ultimately recovered from a well (WUbT) is the 

product of the finding rate (FR(1) and the average depth af a well 

(AVDEP). The finding rate (measured in barrels per foot) is the 

quotient of historical data on the &seavery rate of reserves (FEW 

measure3 in barrels) and historical data on total feet of drilling 

( D R I L L  measured in feet). The average depth is the quotient of the 

total feet of drilling (DRILL) and historical data on the total number 

of wells that were drilled (WELLS measured in numbers of w e l l s ) .  

Since the finding rate is the quotient of RESV and DRILL and the 

average depth is the quotient of D R I L L  and WELLS, the total oil 

ultimately recavered fram a well does not depad on D F U U ,  that is 

Thus, an increase in RESV will decrease the replacement cost; an 

increase in wEL;Ls will inaxase the cast; while an increase in DRILL 

will have no effect. 

In Table 2, the average sensitivity coefficients for WELLS and 

REm7 have equal magnitudes aM?L the eqected signs. In Table 1 arrd the 

detailed tables of Appendix A ,  we find that the sensitivity 

coefficient for DRILL is z e m  and that the coefficients for AVDEP have 

exactly the same magnitude as the coefficients for WELLS and RESV and 

the e x p z t e d  sign. 

We expected that the sensitivity coefficients fo r  the other 

production parameters (LQMULT, PMlJbT,FR( 1) , and YPROD) would  have 

about the same magnitudes as WELLS, RESV, and AVDEP. While t h e  
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magnitudes are not identical, they are all in the neighborhod of 1.0 

(when the replacement cost is less than $30) and have the correct  

signs.  The f i n a l  production parameter (DELI?) increases both the 

production and the cost of production. Since it increases both the 

numerator (dol lars)  and the dencnninatmr (barrels), DEXR has a small 

sensitivity coefficient. 

The finding rate [ FR(1) ] is the qgotient of historical data on 

the discovery rate of rese;nres and total feet of d r i l l i n g  and has a 

large sensit ivity coefficient. Differences in the finding rate are a 

partial  explanation of why the  replacement cost is much higher i n  

region 4 than i n  the other regions (see T a b l e  1). For the  first 

incxement of UzdisGCrvered resource, the finding rate is 8 barrels/fodc 

i n  region 4 ; the equivalent firding rates i n  the other rqions range 

from 15 t o  39 barrels/foot. 

The remaining 15 parameters i n  Table  2 are cost parameters or 

elements in tables. The sensitivity coefficient for a cost parameter 

is approximately equal t o  the share of the total  expnses associated 

w i t h  the parameter. Thus, the sens i t iv i ty  coeff ic ients  for cost 

parameters are generally posit ive and much less than 1.0 (when the 

replacement cost  is less than $30). The cost parameter w i t h  the 

highest s ens i t i v i ty  coefficient is the dri l l -  cost (TWII.LO). In 

general, the m e a n h ~  and signs of the cost paramters are clear .  For 

example, an increase in the incame tax rate incnmses the replacement 

cost while an increase in the income tax c red i t  rate decreases the 

replacement cost. The parameter API is related t o  a gravity penalty 

for heavy o i l s  and is discus& on page 124 of R e f .  1. 
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The. table IWUL is the expcted ultimate recovery frm a well by 

region and field size. The table IWUL for the West Coast region is 

Table A-5 in Ref. 1. To perfom the sensitivity analysis for IWUL, WE? 

multiplied each element in the table by a parameter (equal to unity) 

and computed sensitivity coefficients with respast to the parameter. 

IWUE is used to put a upper bound on WLT. Since IWUL does not 

influence the replacement cost if wu]LT is less than IWUL, XWUL has a 

lower sensitivity coefficient than the other production parameters. 

The fact that IWUL sometimes enters the calculation may be the 

explanation of why some production p a r m ~  (YPROD, I;OMULT, PMULT, 

and FR( 1) ) have a lower sensitivity coefficient than the other 

prodtuetion parameters (wE;I;Ls, RESV, and AVDEP). 

The tables E and TD are the ,sux=essfu.l development wells and the 

total developt wells. The ratio of DS and TD is the fraction of 

a l l  development wells that are successful. Thus, the fraction of all 

devekpmnt wells that are dry (aT%IR) is Unity minus the ratio; that 

is 

DBHR = 1 - (E/ /TD) 

DDHR has an impact on the cost of prduction. !Ihus, the sensitivity 

coefficients for L36 and TD are similar in magnitude to the other cost 

paramem and have equal mgnitudes and opposite signs. 

In conclusion, the sensitivity coefficients for the cost 

parameters tend to be less than for the producrtion parameters. !The 

parameter with the largest sensitivity coefficient is the discount 

rate. The m o d e l  is bimodal with the mocXe separation ax=unrm at a 

replacement CQst of $30. 
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3- G R f z 3 s R E x n I s F 1 3 w I l t - f E ~ K M Q ;  

This section will discuss the GRESS results for the offshore 

section of ORION. 

offshore module calculates the replacenrent cost for 14 regions: 

Detailed results are presented in Appendk B. The 

1. 
2. 
3. 
4. 
5. 
6 .  
7. 
8 .  
9. 
10. 
11. 
12. 
13 .) 
14. 

Alaska shelf - Lcrw Risk 
Alaska Shelf - High Risk 
Alaska Slope - LLW Risk 
Alaska Slope - Hi@ Risk 
West Coast south - Shelf 
West Coast North - Shelf 
west coast south - Slope 
west mast North - Slope 
Gulf of Mexico - Shelf 
Gulf of Mexico - Slope 
Atlantic Coast N o r t h  - Shelf 
Atlantic Coast North - S l o p  
Atlantic Coast South  - Shelf 
Atlantic Coast South - Slope 

In the onshore module, the undiscovered resource in each region 

is divided into equal imcremnts and a replacement CQst is calculated 

for each incremnt. For the offshore mcchle, the replacement cost is 

calculated for each of the 20 field classes defined by the United 

States Geological Survey (USGS) [see Table 31. The base case 

replacement costs are displayed in Table 4 (the replacement costs are 

greater than $200 for the first nine field classes and are not 

included in Table 4). 

Field class 20 has the largest amount of crude oil in a field 

(see Table 3 ) .  The upper and lmer bound2lries decrease by a factor of 

two for each of the 20 field classes: that is, the upper boumJnry for 

field class 20 is 3109 million barrels of oil equivalent, the upper 

boundary for class 19 is 1554, and the upper baundary for class 18 is 

777. A s  the field class (and available oil) decreases, the 

replacement cost increases. Thus, for each region, the 
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Table 3.  USGS Field Size Classes 
- . . . ._. . _I_.. 

Units - Million Barrels of O i l  Ekpivalent 

Field C l a s s  

I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

0.0 
0 e 006 
0.012 
0.024 
0.047 
0.095 
0.19 
0.38 
0.76 
1.52 
3.04 
6.07 
12.14 
24.3 
48.6 
97.2 
194.3 
388.6 
777.2 
1554.4 

0.006 
0.012 
0.024 
0.047 
0.095 
0.19 
0.38 
0.76 
1.52 
3.04 
6.07 
12.14 
24.3 
48.6 
97.2 
194.3 
388.6 
777.2 
1554.4 
3109.0 

source: Ref. 4. 

replacement cost  increases stxadily d m  the columns of Table 4. If 

the replacement cost is greater than $200, ORION stops the calculation 

and reports a replacement cotst of $199.99. Since we cannot perform a 

sensitivity analysis when the r e p l a m t  cost does not depend on the 

parameter values ,  we w i l l  restrict our sens i t iv i ty  analysis t o  

replacement costs that are less than $200. 

The replacement cost is mu& higher i n  Alaska than for the lower 

For Alaska, the  cost  s t a r t s  above $35 per barrel  and 

For the lmer 48, the replacement cost 

48 s ta tes .  

rapidly escalates to $199.99. 



Table 4. Replacement Cost of Crude O i l  
by Region and Field Class 

Field 
C l a s s  

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

Field 
Class 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

ureits - $1983 per Barrel 

Region 
1 2 3 4 5 6 7 

38.08 43.03 64.78 89.28 9.80 11.00 15.56 
41.86 48.28 78.62 117.52 10.51 11.97 17.08 
51.28 62.01 123.67 199.99 11.48 13.30 19.24 
70.27 92.62 199.99 199.99 12.82 15.14 23.36 
84.72 135.78 199.99 199.99 15.69 19-10 25.21 
168.74 199.99 199.99 199.99 17.47 21.74 29.54 
199.99 199.99 199.99 199.99 22.01 28.26 56.28 
199.99 199.99 199.99 199.99 23.64 31.40 145.09 
199.99 199.99 199.99 199.99 32.06 55.33 199.99 
199.99 199.99 199.99 199.99 53.30 105.65 199.99 
199.99 199.99 199.99 199.99 146.05 199.99 199.99 

-ion 
8 9 10 11 12 13 14 

18.82 11.57 19.07 10.54 21.57 
21.38 12.40 21.16 11.38 21.00 
25.03 12.97 24.22 12.69 25.22 
33.74 15.47 31.41 14.28 35.52 
37.28 18.52 39.40 19.75 54.45 
54.98 23.18 49.25 22.91 199.99 
166.12 28.47 91.11 25.86 199.99 
199.99 39.21 199.99 29.93 199.99 
199.99 51.30 199.99 46.58 199.99 
199.99 108.81 199.99 102.93 199.99 
199.99 199.99 199.99 199.99 199.99 

7.89 19.45 
7.50 20.93 
8.56 25.37 
8.63 30.22 
10.20 41.22 
10.76 81.81 
12.29 199.99 
15.08 199.99 
21.98 199.99 
31.74 199.99 
81.69 199.99 

for the largest field s i z e  ranges from $8 t o  $22 and t h e  cost 

escalates  less rapidly t o  $199.99. For all regions, the replacement 

cost is higher in  the  slope region than i n  the shelf region; the 

reason is that the w a t e r  depth is greater in the slope region. 
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We have perfom& a sensitivity analysis for 47 paramete;rs; 28 of 

the parameters are input data: 7 of the paramters are intermediate 

results; 11 of the parameters a re  related t o  costs;  and one of the 

paran~ters is related t o  the structure  of the model. All of the input 

data is represented by the 28 parameters; a s  before, some of the 

parameters a re  s ingle  numbers, while oth- parar~ters  are related t o  

arrays. 

The intermediate parameters were included t o  allow comparisons 

between the onshore and offshore m o d e l s ;  most of t he  intermediate 

parameters are inputs to the subrouthe ANECPV, which is used by both 

lnodels. For the onshore model, the cost parameters w e r e  input data; 

fo r  the offshore m o d e l ,  the cost  parameters a re  calculated in the 

subroutine DEVSKD and can depend on the input data. As before, the 

s t r u c t u r a l  parameter (PRCHG) causes t h e  m o d e l  t o  have higher 

sensit ivit ies when the replacement cost is greater than $30. 

For each of the 47 parameters, sens i t iv i ty  coefficients w e r e  

calculated using GRESS; the c o e f f i c i e n t s  are t h e  r a t io  of t h e  

percentage change jn the replacement cost. t o  the percentage change i n  

the paran-eter. For the offshore model w i t h  1 4  regions and 11 f ie ld  

classes  hdxnrals, there are 154 replacement costs displayed h Table  

4 .  For t h e  base case c o s t s  displayed i n  Table 4 ,  53 of t h e  

replacement c o s t s  a r e  g r e a t e r  than  $200. Thus, s e n s i t i v i t y  

coefficients were calculated for 101 replacemE?nt costs w i t h  respect t o  

47 parameters; for a total of 4747 coefficients. 

The sensitivity coefficients for many of the paramters are small 

o r  zero. Detailed results are displayed in Appendix B for 19 of the 

47 parameters. The criterion for c h o ~ ~ i n g  the 19 parameters was t h a t  

the mean values fo r  their sensit ivity coefficients w a s  greater than 
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0.10, when the replacement COGts that w e r e  less than $30. The first 

table in Appendix B is a summary of the results; for each of the 19 

parameters, the summary table displays the maxknn value, the minimum 

value, and the mean value of the 101 sensitivity coefficients. Since 

the model has higher sensitivity coefficients when the replacement 

cost is greater than $30, the summary table calculates separate 

maximum, minimum, and mean values for the law replacement costs (the 

57 replacement costs that are less than $30) and for the high 

replacement costs (the 44 costs that are greater than $30). 

In this section, we will confine our attention to 14 of the 19 

parameters displayed in Appendix B. The 14 parameters are input 

parameters or cost parameters. The 14 pasmeters and the mean values 

of the sensitivity coefficients for high and law replacement costs are 

displayed in Table 5. 

Table 5, The O f f s h o r e  Model Paramem w i t h  the 
Largest Sensitivity Coefficients 

Cost < $30 Cost > $30 
k Mean Mean ParalEter 
1 9.35 13.38 D I S W  - Discount Rate 
2 0.53 1.58 W A C  - Kaltersryner Fador 
3 0.38 0.39 FTAX - Federal. Incarne Tax Rate 
4 0.22 0.19 EPAC - Lease Bonus Rate 

6 -0.21 -0.66 RECOIL - Field Size 
5 -0.22 -0.75 wuI;T - Well U l t i m t e  Recavery 

~ 7 -0.21 -0.69 PMUET - Oil Production Profile 

10 0.16 0.45 DRILDP - Total Drilled Depth 
11 -0.15 -0.38 API - Crude Oil Gravity 
12 0.15 0.36 CopRO - produchq Well Cost  
13 0.13 0.52 PLAT03 - Platform Cost 
14 0.12 0.37 DEPLIF - Depreciation Life 

8 0.20 0.36 IRCIYL - Royalty F&te  
9 0.17 0.87 WATRDP - Water Depth 
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Cmpar- #e significant parameters for the onshore model (see 

Table 2) with the offshore parameters, we note that same parameters 

are significant for both models (DISCKC, FTAX, and m) , while other 
parameters are unique to the offshore model (XTFAC and WATIUP). The 

total oil ultimately recovered from a well (WULT) is an important 

parameter h-~ both mcrdels; in the onshore model, WUEJ? was determined by 

RESV, WU, and WELTS; for the offshore &el, WET is an input. 

For both the onshore and offshore models, OFUON is birnodal. In 

mxt cases, the mean values of the sensitivity coefficients increase 

by at least a factor of two when the replamt cost is greater than 

$30. 

When the replacement costs were less than $30 for the onshore 

male1 (see Table 21, the man value for the discount rate sensitivity 

coefficients w a s  about 4.0, the mean values for the production 

parameter coefficients were about 1.0, and the mean values for  the 

cost parameter coefficients were less than 0.4. In Table 5, the 

 correspond^ mean value for the discount rate coefficients is much 

larger and the corresponeim rn values for the production paramew 

coefficients are much smaller than in Table 2. 

For both the onshore and offshore calculations, the p3ranet%r 

with the largest sensitivity coefficients is the discount rate. 

The sensitivity coefficients for the discaunt rate are significantly 

larger for the offshore model than for the onshore model. When the 

replacement cost is less than $30, the sensitivity’ coefficients range 

from 2.9 to 4.4  for the onshore model and from 5.8 to 16.6 for the 

offshore model; the mean values are 3 . 8  for onshore and 9.4 for 

offshore. Thus, the sensitivity coefficients for the offshore model 

have twice the mcpitude of the coefficimts for the onshore model and 

have a greater variance. 
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The reason for the large sensitivity coefficients for the 

discount rate is that3 the offshore model has long lead-times, where 

t he  lead-time is the irnreStment period before the start  of crude oil 

pmluction. For the onshore model, the lead-time is always three 

years. For the offshore model, the lead-time is much longer; the 

values range from 5 years to 15 years. The offshore lead-times are 

longer because all of the construction (platform, w d l s ,  and pipeline) 

must be cortp?leted before prduction can start .  With a 10% discount 

rate, one dollar today is equivalent to $1.61 in five years and to 

$4.18 in 15 years. Thus, longer lead-times can have a major impact on 

the replacement cost. 

Sensitivity coefficients for the discount rate are compared to 

lead-timeS for select& regions of the offshore rrrodel in Table 6. The 

correlations between coefficients and lead-times are striking; the 

smallest value in the table (6.37) has the shortest lead-time while 

the largest value (16.59) has the longest lead-time. For regions 7 

and 13, as the lead-times increase and decrease, the coefficients 

incr-anddecrease. 

The Kalter-Tyner factor ( W A C )  is an i.rdex that depends on w a t e r  

depth and climatic conditions. In Table 36 of Ref. 1, the values of 

m A C  range frm 0.8 for mild weather and shallow water to 4.3 for 

deep water and severe w e a t h e r  conditions. In the model, the values of 

3Sr!?AC range fram 1.0 to 2.0. In the model, the Kalter-Tyner factor 

multiplies all of the capital and operat- costs. Thus, we would 

expect the sensitivity coefficient for KTFAC to be in the neighborhood 

of 1.0. In Table B-1 of A3?pendiX B, the sensitivity coefficients for 

KTFAC range f r o m  0.86 to 0.20 with a mean value of 0 . 5 3 ,  when the 

replacement costs are less than $30. When the sensitivity coefficient 
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Table 6. Discount Rate? Sensitivity Coefficients 
ccrmpared to Lead-time for the Offshore Model 

Region Field 
Class 

5 20 
19 
16 
13 

7 20 
18 
17 
16 
15 

12 20 
19 
18 

13 20 
19 
18 
17 

14 20 
19 
18 

mitivity 
m f  f icient 

8.17 
8.01 
7.41 
6.37 

11.97 
11.35 
9.89 
10.76 
9.37 

16.59 
14.13 
12.58 

10.34 
9.22 
10.10 
8.88 

16.20 
14.65 
12.96 

Lead 
Time 

6 
6 
6 
6 

10 
10 
9 
10 
9 

15 
13 
12 

7 
6 
7 
6 

14 
13 
12 

is 0.20, 20% of the replacement cost depends an the capital and 

operating costs and 80% d e p d s  on something else. In section five, 

we will derive an analytical expression for the sensitivity 

coefficients for KTFAC and we shall find that the lease bonus can be 

responsible for 80% of the replacement cost. 

The financial parameters (FTAX, WAC, and WYL) have m& larger 

sensitivity ccefficients for the offshore d e l  than for the onshore 

model. In section five, we will derive an analytical expression for 

the replacement cost and use it ta analyze the sensitivity 

aefficients for the financial paraxeters. 



25 

For the onshore model, the production paramstem had sensitivity 

coefficients with average magnituds of about: 1.0 when the replacement 

costs were less than $30. For the offshore model, the production 

parameters (WULT, RECOIL, and FMJET) have coefficients with average 

magnitudes of about 0.2, when the replacert.IE.srt costs are less than $30. 

The sensitivity coefficients for the producrtion parameters are much 

smller for the offshore d e l  because the costs of production are not 

inputs but are calculated in the subroutbe DEVSKD where the costs of 

pr&ction depend on the prcduction paramete;rS. Since a change in a 

production parameter for the offshore model has an inpact on bath the 

numerator and denamma * tor of the expression for the replacement costs, 

the prcduction parameters have small sensitivity coefficients. 

The depth of the field is an important factor; both the  water 

depth (WATRDP) and the drilled depth (DRILLDP) are significant 

parameters. The water depth and the drilled depth influence both the 

capital costs and the operating costs. Of the 11 cost parameters, 

seven depend on the w a t e r  depth and three depend on the drilled depth. 

Since the water depth arad drilled depth do not influence all of 

the cost parameters, while the ~~1terJrYner factor multiplies all of 

the capital and operating costs, we expect the sensitivity 

coefficients for MLDP and WITNIP to be smaller than the mefficients 

for KTFAC. When the replacement costs are less than $30, the 

sensitivity coefficients for  WATRDP range from 0.63 to 0.02, the 

coefficients for llRILDP range from 0.53 to 0.04, and the coefficients 

for KTFAC range from 0.86 to 0.20. As expected, the sensitivity 

coefficients for DRLIDP and WiXIRDP are smaller than the coefficients 

for KITAC. 



The cmde oil gravity (-1) has similar coefficients for both the 

onshore and offshore d e l .  Of the 11 cost parameters calculated in 

DEVSKD, only two (COPRO and PUTCO) have mean values for @heir 

sensitivity coefficients that are larger than 0.10. 

In conclusion, the parameter w i t h  the largest sensitivity 

coefficient for both the onshore and offshore models is the discount 

rate. The discount rate coefficients for the offshore model are 

larges than for the onshore mcdel because the lead-times are longer; 3 

years for the onshore &el and 5 to 15 years for the offshore model. 

The Kalter-Tyner factor amplifies all costs and has a large 

coefficient. In contrast to the onshore model, the financial 

parameters have larger coefficients than the production parameters. 

The production parametas have lmer coefficients than in the onshore 

model because they influence the cost parameters. 
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4. v 2 x t m m I r n O p ' 1 M E ~ ~  

sensitivity coefficients calculated by c;REsS can be validated 

by a perturbation calculation; a selected parameter is increased by 

one percent and ORION is used to calculate a new set of replacement 

costs: the sensitivity coefficients are approximated by camparing the 

pxtur3xil results to the base case. When the onshore GRESS results 

are compared to a perturbation calculation, there is close agreement 

between the t w o  sets of results. When the offshore GNSS results are 

compared to a perturbation calculation, there can be close agreement 

or significant differences between the two sets of results. 

Exploration of the reasons for the significant differences yields 

insights into the design of the offshore model. 

The approximate sensitivity coefficients calculated by a one 

percent perturbation cannot be expected to exactly equal the 

coefficients calculated by GRESS. If the coefficients calculated by a 

one percent perturbation were within a few percent of the GRESS 

results, we said there w a s  close agreement between the two sets of 

results. 

sensitivity coefficients calculated using GRESS are campared to a 

perturbation calculation for the parameter WELLS in Table 7. In Table 

7, the largest difference is less than th ree  percent and all of the 

other differences are less than two percent. Thus, there is good 

agreement between the two sets of results. 

When the offshore c.;REsS results are compared to a perturbation 

calculation, there is good agreement for five parameters (m, m, 
D I S W ,  KTFAC, and WLDP) and occasional significant differences for 

f o u r  parameters ( W A T R D P ,  WULT, R E C O I L ,  and D D H R ) .  
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Table 7. Validation of the GF@SS E?e.sulb 
for the F'arameter WELJLS. 

1 1.33 1.35 
2 1.30 1.31 
3 1.39 1.40 
4 3.15 3.23 
5 2.41 2.43 
6 3.00 3.03 

Region 3 
(xxE!ss OFUW 

0.99 0.99 
1.00 1.00 
1.06 1.06 
1.92 1.94 
2.07 2.09 
2.50 2.53 

Region 5 
GREss ORION 

1.05 1.05 
1.16 1.15 
1.15 1.15 
1.15 1.15 
2.21 2.24 
1.98 1.99 

To illustrate a case of good agreement, sensitivity coefficients 

calculated using GRESS are compared to a perturbation calculation for 

the parameter DISCRT in Table 8 .  To perform the perturbation 

calculation, the parameter w a s  both increased and decreassd by 0.1 

percent. There is good agreement between the three sets of results 

except for field class 12 (by reduchg the positive prturbation to 

0.002% and by reducing the negative perturbation to 0.005%, good 

agreemmt was obtained for field class 12) a 

To illustrate cases with occasional significant differences, 

sensitivity coefficients calculated using GRESS are ccnnpared to a 

perturbation calculation for the parameterS WATRDP and WULT in Tables 

9 and 10. For the parameter WA'TFUIP, there is good agreement between 

the two sets of results for a 1% decrease in water depth. However, 

there is no agreement for a 1% increase in water depth. A large 

decrease in replamt cost as a result of a small increase in water 

depth is counterintuitive. For the parameter WULT, there is g o d  

agreement between the three sets of results in most cases. However, 

in two cases a small decrease in WUILT results in a laqe decrease in 

replacemmt cost. 
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Table 8. Validation of the GRESS Results for the 
Offshore Model for the Parame* DISCKT in Region Nine 

units - Percent CharrJe in Replacement Cost 
inResponsetoa 

1% change in the parameter 

Class up by 0.1% Dawn by 0.1% 
F i e l d  Rxtufht ion GRFSS -urbation 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 

9.41 
9.24 
7.95 
7.63 
7.43 
7.14 
6.80 
13.17 
11.43 
16.97 

9.42 
9.24 
7.95 
7.63 
7.43 
7.14 
6.80 
13.12 
13.55 
16.88 

9.42 
9.25 
7.95 
7.64 
7.44 
7.15 
6.81 
13.08 
14.03 
16.81 

Table 9. Validation of the Results for the 
O f f s h o r e  W e 1  for the Parameter FJaTRDP in Region N i n e  

U n i t s  - Rxcent Qlange in Replacemint  Cost 
inResponsetoa 

1% change in the parameter. 

F i e l d  Fw%urbation GRESS Rzturbation 
Class vp by 1% b m  by 1% 

20 
19 
18 
17 
16 
15 
14 
13 
l2 

-2.56 
-2.84 
-2.55 
-4.39 
-1.60 
-5.76 
0.34 

-22.55 
-11.61 

0.04 
0.05 
0.06 
0.08 
0.07 
0.08 
0.10 
0.22 
0.20 

0.04 
0.05 
0.06 
0.08 
0.07 
0.08 
0.10 
0.21 
0.21 
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Table 10. Validation of the GEES5 Results for the 
Offshore Model for the FBramW WUIIT in Region N i n e  

Units - Percent Change in Replacement Cost 
in Response to a 

1% change in the parameter. 

Field Pertubation G F e s s  Perhxbation 
C l a s s  Up by 1% Dclwn by 1% 

20 -0.76 
19 -0.24 
18 -0.31 
17 -0.35 
16 -0.37 
15 -0.39 
14 -0.42 
13 -0.87 
12 -1.28 

-0.22 
-0.24 
-0.31 
-0.35 
-0.37 
-0.40 
-0.42 
-0.87 
-1.24 

-0.22 
-0.25 
-9.01 
-0.35 
-8.37 
-0.40 
-0.42 
-0.87 
-1.05 

The large values for the sensitivity coefficients in Tables 9 and 

10 deserve further investigation. For the parameter WATRDP, a 

detailed investigation was performed for field classes 17 to 20. As 

the w a t e r  depth increases by 1%, from 200 feet to 202 feet, the number 

of platforms decreases by a factor of two and the nurmber of drilling 

slots increases by a factor of two. These larye changes i n  the n- 

of platforms and slots has a substantial impact on the capital costs. 

For the parameter WuLIIc, a detailed investigation w a s  performed f o r  

field class 18. A s  the oil per well decreases by 1%, the number of 

development wells incr- by 1% and causes the development time t o  

increase from six years to seven years. The increase in development 

time stretches out the investment period and delays the start of 

production by one year. 
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In both cases, the laxye differences between the -S results 

and the perturbation calculations are caused by step-functions in 

ORION. A stepfunction has a constant value for a -e of parameter 

values  and jumps t o  a new constant value for the next range of 

parameter values. In ORION, all of the stepfunctions are related t o  

integer values in the model. The model requires that the numker of 

platforms or slots or the development t i m e  be an integer.  A s  a 

paramzter varies s1Mothly, the integer w i l l  step frcrm one value to the 

next. The derivative of a step-function is zero everywhere but a t  the 

jumps. For GRESS, the derivative of the step-function is zero 

everywhere. H m e v e r ,  the perturbation calculation w i l l  detect the 

jumps and find a different result than GRESS. 





33 

In sections two and three, we observed the magnitudes of the 

In this sensitivity coefficients for the onshore and offshore models. 

section, we will develop an approximate analytical expression for the 

replacement cost and develop analytical expressions for the 

sensitivity coefficients. Using the analytical expressions, we will 

be able to develop a deeper understanding of the magnitudes of the 

sensitivity coefficients and the relationships between the 

coefficients. 

The replacement cost of domestic crude o i l  is the constant or 

levelized selling price that will recover the full expenses o f  

exploration, development, and production with a reasonable return on 

capital. The replacement cost (C) is the constant selling price such 

that the discounted present value of  the revenues from selling oil 

will be equal to the discounted present value of the capital and 

operating costs required to produce the oil. For a typical project, 

Investment occurs during the lead-time (LT) and production starts in 

year L T + l ,  continues €or 20 years, and follows a production profile 

[ X ( J ) ]  ( the production profile is determined by either the array 

PMULT or the array LOMULT) . The royalty payment is a fixed fraction 

(r) of all revenues after the transportation cost per barrel (TR) has 

been deducted. The discounted present value of the revenues after 

royalty payment from selling oil will be given by: 

N 20 

1=1 J-1 
Rev = X R(I)/D1 - (l-r)*(C-TR)*D-LT X ( J > / D J ,  (1) 



where N is the total life time of the project, D is the discount rate, 

and R ( 1 )  is revenue in year I. The revenue is zero during the 

construction period (R(I) =O €or 1=1 to LT) . The revenues depend on 

the replacement cost, the royalty rate, and the production rate; 

R(LT4-J) = (1-r)*(C-TR)*X(J), for J= 1 to 20 years. 

The revenue calculation in ORION is more complex; with different 

prices for oil and gas, and a gravity penalty. However, since both 

the gas price and the gravity penalty are proportional to the 

replacement cost, our simplifying assumptions will not cause an error 

when we calculate sensitivity coefficients. 

The operating cost has three components: fuel and power cost, 

labor and materials cost, and water cost. We will combine the three 

components into a single operating cost per barrel (y). The total 

operating cost [O(I)] depends on the Kalter-Tyner factor (g) and the 

production rate; that is, 

O(LT+J) = y*g*X(J), for J = 1 to 20. 

The discounted present value o f  the operating cost may be written: 

20 

1-1 J-1 
- LT X(J)/DJ, 

N 
Oper = C O(I)/D1 = y*g*D 

The capital cost has three components: the capitalized (tangible 

investment, the expensed (intangible) investment, and the lease bonus 
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We shall define the capital investment [ K ( I ) ]  to be the sum of the 

tangible and intangible investment. The lease bonus (B) is paid in 

the second year of the project life. The investment is multiplied by 

the Kalter-Tyner factor but the lease bonus is not. A dollar of  

income cannot be used to pay back the capital investment until after 

the payment of  taxes. Thus, the capital investment term must be 

multiplied by a tax factor [f(t)], where t is the tax rate. To a 

first approximation, f(t) = l/(l-t). However, the tax laws allow 

interest to be deducted and allow accelerated depreciation. Hence, we 

will assume that f(t) - (1-a*t)/(l-t), where a is a positive constant 

that is less than 1.0. The discounted present value of the investment 

and lease bonus is given by: 

The discounted present value of the revenues (Rev) is equal to 

the sum of  the present value of the operating costs (Oper) plus the 

present value of the capital costs (Cap). Using E q s .  (l), ( 2 ) ,  and 

( 3 ) ,  the replacement cost is given by the following expression: 

C = TR + [l/(l-r)]*[y*g + f(t)*DLT*(g*k + b)] , 

where k and b are given by: 

( 4 )  

k - C K(I)*D-I/ C X(J)*D-J , and 
I J 

( 5 )  



b = B*D-*/ C X(J)*D-J . 
J 
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Although k and b depend on the discount rate, we will assume that they 

are constants. Our assumption will not cause a significant error 

except when we calculate the sensitivity coefficient for the discount 

rate. 

Equation ( 4 )  is an approximate analytical expression for the 

replacement cost that can be used to derive expressions f o r  

sensitivity coefficients. The replacement cost has four components: 

transportation cost, operating cost, investment cost, and lease bonus.  

We can define the share of the replacement cost that is due to each of 

the four components; that is, we define the transportation share ( S  ) ,  

the operating share ( S  ) ,  the investment share ( S  ) ,  and the lease 

bonus share ( S  ) by: 

t 

Y k 

b 

St = TR/C , 

S = y*g / (1-r)W , 
Y 

( 7 )  

Sk = f(t)-kDLT*g*k / (1-r)*C, and ( 9 )  

= f(t)*DLT*b / (1-r)*C . 'b 

The three shares will be positive and their sum will equal 1.0. 
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Define E. to be the sensitivity coefficient of the replacement 
P 

cost with respect to the parameter p ;  that is, 

Using E q .  ( 4 ) ,  we can show that the sensitivity coefficients with 

respect to the parameters TR, y, k, and b are equal to the shares; 

that is, ETR" St, E = s ck = Sk , and E b = S b .  
Y Y *  

For both the onshore and offshore models, we can calculate the 

sensitivity coefficients with respect to transportation cost, capital 

investment, lease bonus, and operating cost. If Eq. ( 4 )  is correct, 

the sum of the four sensitivity coefficients should equal 1 . 0  For the 

onshore model, the operating cost is the sum of three components: 

OPCO(l), OPCO(2), and OPCO(3) [for the offshore model, the operating 

cost array is XOPCO]. The sensitivity coefficient for the operating 

cost is the sum of the sensitivity coefficients for each of its three 

components. Similarly, the sensitivity coefficient for the capital 

cost is equal to the sum of the coefficients for TANG and INTANG. The 

transportation costs are zero for the onshore model. For the offshore 

model, the transportation costs are high in Alaska, moderate on the 

West Coast, and low on the Gulf Coast and the Atlantic Coast. The 

sensitivity coefficient for the lease bonus rate (BFAG) was calculated 

for both models. However, the sensitivity coefficient f o r  BFAC is 

zero in several field classes f o r  the offshore model. (The calculation 

of the lease bonus has an upper bound of $1.00 per barrel. When BFAC 
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would cause a lease bonus of more than $1.00 per barrel, the lease 

bonus is determined by the upper bound, and BFAC has a sensitivity 

coefficient of 0.0.) 

The sensitivity coefficients with respect to capital investment, 

lease bonus, and operating cost for the onshore model are displayed in 

Table 11 for the 17 values of the replacement cost that are less than 

$30 .  In Table 11, the sum of the three shares ranges from 0.97 to 

1.00. Thus, E q .  ( 4 )  appears to be valid for the offshore model. In 

Table 11, the capital cost has the largest share, the operating cost 

has the second largest share, and the lease bonus has the smallest 

share. 

Table 11. Replacement Cost Shares for Capital Investment, Lease 
Bonus, and Operating C o s t  for the Onshore Model 

Region 

1 
1 
1 
2 
2 
2 
3 
3 
3 
5 
5 
5 
5 
6 
6 
6 
6 

Re source 
Interval 

1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
4 
1 
2 
3 
4 

Replacement C o s t  

Cap i tala 
0.71 
0.72 
0.75 
0.76 
0.77 
0.79 
0.63 
0.64  
0.65 
0.69 
0 . 7 1  
0.73 
0.74 
0.56 
0 . 5 8  
0.60 
0.64 

b Bonus 
0.04 
0.03 
0.03 
0.03 
0.03 
0.02 
0.04 
0.03 
0.03 
0.04 
0.04 
0.03 
0.03 
0.04 
0.04 
0.03 
0.02 

Shares 

Opera t ingC 
0.25 
0.22 
0.22 
0.19 
0.19 
0 . 1 9  
0.31 
0 . 3 1  
0 . 3 1  
0 .24  
0.24 
0 .23  
0.23 
0.39 
0.37 
0.37 
0.33 

SUm 
1 . 0 0  
0 . 9 7  
1 . 0 0  
0 . 9 8  
0 . 9 9  
1.00 
0 . 9 8  
0 . 9 8  
0 . 9 9  
0 . 9 7  
0 . 9 9  
0 . 9 9  
1 . 0 0  
0 . 9 9  
0 . 9 9  
1 . 0 0  
0 . 9 9  

l_l- 

a. Sum-of  the sensitivity coefficients for TANG and INTANG. 
b .  The sensitivity coefficient for BFAC. 
c. Sum of the sensitivity coefficients for OPCO(l), OPC0(2), and 

OPCO( 3). 
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For the offshore model, the Kalter-Tyner factor (9) multiplies 

the operating costs and the investment cost, but does not multiply the 

lease bonus. Using E q .  ( 4 ) ,  the sensitivity coefficient for the 

Kalter-Tyner factor is the sum of the shares for operating and 

investment. Thus, the coefficient is equal to 1.0 minus the sum of 

the lease bonus share and the transportation share. If Eq. ( 4 )  is 

correct, the sensitivity coefficients for KTFAC and REGTRA provide an 

independent estimate of the lease bonus share and of the sensitivity 

coefficient for BFAC. Table 12 displays the sensitivity coefficients 

for BFAC, REGTRA, and KTFAC for all regions and field classes where 

the replacement cost is less than $30 and the Coefficient for BFAC is 

not zero. In Table 12, the sums of sensitivity coefficients for BFAC, 

REGTRA, and KTFAC are all within one percent of 1.00. Thus, Table 12 

demonstrates that the sensitivity coefficients for KTFAC and REGTRA 

can be used to estimate the lease bonus share. 

The minimum value for the sensitivity coefficient for KTFAC is 

0.20 in region 13 for field class 20. For this case, the lease bonus 

appears to be responsible for 79% of the replacement cost. To verify 

that the lease bonus is responsible for 79% of the replacement cost, 

we will directly estimate the capital and operating shares; the 

results are displayed in Table 1 3 .  As explained in the footnotes for 

Table 1 3 ,  the replacement cost shares for capital investment, lease 

bonus, transportation costs, and operating costs were obtained from 

the sensitivity coefficients for TANG, TNTANG, REGTRA, KTFAC, and 

XOPCO. Since the sums of the four cost shares are all within one 

percent of 1 .00 ,  Table 13 demonstrates that E q .  ( 4 )  can be used to 

calculate replacement cost shares. 



40 

Table 12. Sensitivity Coefficients for BFAC, REGTRA, and KTFAC 

Region 

5 
5 
5 
6 
6 
7 
9 
11 
11 
13 
13 

Field 

Class 

15 
14 
13 
15 
1.4 
15 
14 
14 
13 
14 
13 

Sensitivity Coefficients 

B FAC KTFAC REGTRA 

0.31 
0.21 
0.16 
0.25 
0.17 
0.26 
0.18 
0.21 
0.14 
0.35 
0.24 

0.64 
0.75 
0.80 
0.71 
0.81 
0.71 
0.82 
0.78 
0.86 
0.64 
0.75  

0.04 
0.03  
0.03 
0.03 
0.02 
0.02 
0.00 
0.00 
0.00 
0.01 
0.01 

Sum 

0.99 
0.99 
0.99 
0.99 
1.00 
0.99 
1.00 
0.99 
1.00 
1.00 
1.00 

Table 13. Replacement Cost Shares for Capital Investment, Transportation 
Cost, Lease Bonus, and Operating Cost for Region Thirteen 

Field 

Class 
20 
19 
18 
17 
16 
15 
14 
13 
12 

Replacement 

Cap it ala 
0.09 
0.13 
0 .15  
0.23 
0.34 
0.40 
0.49 
0.57 
0.66 

Cost Shares 
b Bonus 

0.79 
0.74 
0.72 
0.64 
0.54 
0.46 
0.35  
0.24 
0.14 

d Operating' Transport 
0.11 0.01 
0.12 0.01 
0.11 0.01 
0.12 0.01 
0.11 0.01 
0.13 0.01 
0.14 0.01 
0.17 0.01 
0.19 0.00 

SUm 
1.00 
1.00 
0.99 
1.00 
1.00 
1.00 
0.99 
0.99 
0.99 

a. Sum of the sensitivity coefficients for TANG and INTANG. 
b. Determined by the sensitivity coefficients for KTFAC and REGTRA 
c .  Sum of the sensitivity coefficients for XOPCO(l), XOPCO(2), and 

d. Sensitivity coefficient for REGTRA. 
XOPCO(3). 
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In Table 1 3 ,  the lease bonus share decreases from 79% for field 

class 20 to 14 % for field class 12. Why does the lease bonus have 

such a large cost share for field class 20? For field class 20 of 

region 13, the replacement cost is $7.89 per barrel of oil, the lease 

bonus is $1.00 per barrel of oil equivalent, and the lead-time is 7 

years. The lease bonus is paid in the second year and has a present 

value of $ 0 . 8 3  (the discount rate is 10% per year). Oil production 

begins in the eighth year and continues until the twenty-eighth year. 

For this case, the discounted present value of a barrel of oil sold in 

the eighth year is $ 3 . 6 8 ,  while the present value of a barrel of oil 

s o l d  in the twenty-eighth year i s  $0.55. Thus, the large replacement 

cost share for the lease bonus is caused by a low replacement cost, a 

long lead-time and a high discount rate. In Table 13, the lease bonus 

share decreases as the field class number decreases. The decrease in 

lease bonus share is caused by both increases in replacement cost and 

decreases in the lease bonus. 

U s i n g  Eq. ( 4 ) ,  the sensitivity caefficient for the discount 

factor ( E  ) is given by: D 

e = LT*(Sk -+ sb> 8 D 

where LT is the lead-time and S is the operating cost share. From 
Y 

the discussion of Table 5 ,  we expected that the sensitivity 

coefficient for the discount rate should be related to the lead-time. 

However, in our expression, E is less than the lead-time, while in D 

Table 5, 

derived E q .  ( 4 ) ,  we assumed that k and b were constants. Our 

approximation has resulted in an underestimate of e D .  

e D  is consistently greater than the lead-time. When w e  
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Using E q .  ( 4 ) ,  t h e  s e n s i t i v i t y  coef f ic ien t  fo r  the royal ty  r a t e  

( r )  i s  given by: 

e = r*(l - S t )  / (1-r) . r 

F o r  t h e  onshore model ,  t h e  r o y a l t y  r a t e  i s  r = 0 . 1 2 5  and t h e  

t r a n s p o r t a t i o n  c o s t  sha re  i s  zero.  Thus, we expect the sensit:ivity 

coef f ic ien t  to  be e r  = 0.14, In  Table A - 1  of Appendix A ,  a l l  o f  the  

s e n s i t i v i t y  coeff ic ients  fo r  ROYL are equal t o  0 .14 .  For the offshore 

model, the royalty r a t e  i s  r = 0 . 1 6 7  and we expec t  t he  s e n s i t i v i t y  

coef f ic ien t  t o  be e In  Table B - 1  of Appendix B ,  the 

range for  the s e n s i t i v i t y  coeff ic ients  fo r  ROYL (when the replacement 

cost i s  l e s s  t han  $30)  i s  from 0 . 1 8  to 0 . 2 0 ,  wi th  a mean value of  

0 .20.  In  Table B - 9  of Appendix B ,  the  s e n s i t i v i t y  c o e f f i c i e n t s  f o r  

ROYL a r e  equal  t o  0 . 1 8  f o r  f i e l d  c lasses  1 9  and 20 of region 5 .  In  

Table B - 1 6  of Appendix B ,  the sens i t i v i ty  coeff ic ients  for  REGTRA a r c  

equal  t o  0 . 0 8  f o r  f i e l d  c l a s s e s  1 9  and 2 0  o f  r eg ion  5.  Using our 

ana ly t ica l  expression fo r  t h e  s e n s i t i v i t y  c o e f f i c i e n t  f o r  R O Y L ,  w e  

expect  t h e  c o e f f i c i e n t  t o  equal  0 .18 .  Thus, E q .  ( 4 )  can be used t o  

derive an ana ly t ica l  expression f o r  t h e  s e n s i t i v i t y  c o e f f i c i e n t  € o r  

the royalty r a t e .  

- 0.20*(1 - St) .  r 

When t h e  replacement c o s t  i s  less than  $ 3 0 ,  t h e  s e n s i t i v i t y  

coeff ic ients  for  the federal  income tax r a t e  (FTAX) range from 0.09 t o  

0 . 1 1  for  the onshore model and from 0.19 t o  0 . 5 8  f o r  t h e  o f f s h o r e  

model. Thus, t h e  s e n s i t i v i t y  c o e f f i c i e n t s  are  l a r g e r  and have a 

larger  variance f o r  the o f f shore  model. To unders tand  why t h e  t w o  
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models have such different values for the sensitivity coefficients, we 

will use E q .  ( 4 )  to derive the following analytical expression f o r  the 

sensitivity coefficient for FTAX ( e  ) :  t 

€ = a * (Sk + Sb> * t t 

= [t/(l-t)] * [(l-a>/(l-a*t)] . ‘ts af 
f at 

where D -ii t -  

The parameter a simulates reductions in income tax due to 

interest deduction, accelerated depreciation, and income tax credits. 

When the parameter a is 0.0, ot = t/(l-t) - 0.85 (the income tax rate 
is t - 0 . 4 6 ) .  When a = 1.0, Q = 0.0. For the onshore model, the sum 

t 

of the cost shares for capital and lease bonus ranges from 0.60 to 

0.81 (see Table 11). For the offshore model in region 13, the sum of 

the cost shares for capital and lease bonus ranges from 0.80 to 0.88. 

If a = 0.0, the maximum value for the sensitivity coefficient for the 

onshore model would be 0.81 * 0.85 - 0 . 6 9 ,  while the maximum value for 

the offshore model would be 0.88 * 0.85 = 0.75. Since the maximum 

values are 0.11 for the onshore model and 0.58 for the offshore model, 

the minimum value o f  the parameter a is greater than zero €or both 

models 

For the onshore regions and resource intervals displayed in Table 

11, the values for a range from 0.87 to 0.93. For the onshore model, 

the parameter a is large and has a small variance, and the sensitivity 

coefficients for FTAX are small. For offshore region 13 and the field 
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c l a s s e s  d i sp l ayed  i n  Table 13 ,  t h e  v a l u e s  of a range from 0.40 for  

f i e l d  c l a s s  20 t o  0 .83  f o r  f i e l d  c lass  1 2 .  Thus, the large values f o r  

the s e n s i t i v i t y  coef f ic ien ts  fo r  FTAX i n  the offshore model are  caused 

by low values for  a. 

Why i s  t h e  parameter a s o  v a r i a b l e  i n  the  offshore model? We 

conjecture tha t  the reason i s  the income tax c r e d i t .  The income. t a x  

c r e d i t  i s  10% of  t h e  tangible investment (TANG). For region 1 3 ,  the 

sens i t i v i ty  coeff ic ients  f o r  TANG vary from 0.05 f o r  f i e l d  c l a s s  20 t o  

0 . 3 5  f o r  f i e l d  c l a s s  1 2 .  Thus, the income tax c red i t  i s  much larger  

f o r  f i e l d  c l a s s  1 2  than for  f i e l d  c l a s s  20. 

A l l  o f  t h e  r e s u l t s  i n  t h i s  sect ion have been fo r  the case where 

the replacement cost  is  l e s s  than $30. When the replacement c o s t  i s  

g r e a t e r  than  $ 3 0 ,  t h e  i n f l a t i o n  f a c t o r  PRCHG increases the cap i t a l  

cos t s ,  the operating cos ts ,  and the transportation cos ts  (bu t  n o t  t h e  

l e a s e  bonus).  We w i l l  conclude t h i s  sect ion by deriving a ana ly t ica l  

expression fo r  the replacement cost when PRCHG is act ive.  

We assume t h a t  t h e  replacement c o s t  can be subdivided i n t o  

components (u.) and tha t  each component has an in f l a t ion  f a c t o r  (a.). 
1 1 

Then, the replacement cost  ( C )  i s  given by: 

c = u.* [l + X * C ~ . *  ( C  - 3 0 ) ]  , 
1 1 i 

where X i s  the parameter f o r  PRCHG (X=l.O). A typical  l i s t  of  

components would be: TANG, INTANG, OPCO,  REGTRA, and BFAC. Since t h e  

l e a s e  bonus i s  no t  i n f l a t ed ,  the in f l a t ion  fac tor  (a.) would be zero 

€or the lease bonus. 

1 
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The cost shares ( S . )  are the fraction of the replacement cost 
1 

that can be attributed to each component; that is, 

= u.* [I + X*ai*(C - 30)] / C . 
'i 1 

Define E to be the sensitivity coefficient of the replacement i 

cost: with respect to the component u - that is, i' 

u, ac 
I e =  i - '  c aui 

Then each sensitivity coefficient (ei) is given by: 

Thus, the sensitivity coefficients are equal to the cost shares 

divided by a common factor (1 - j?) that depends on the base cost 

components (u . )  and the inflation factors (a.). 
1 1 

The sensitivity coefficient for PRCHG ( E  ) is given by: x 



Thus, the sensitivity coefficient for PRCHG can be used t o  calcul-ate /3 

and /3 can be used to transform the sensitivity coefficients into cost: 

shares. 

The sensitivity coefficients for capital investment, lease bonus, 

and operating costs for the onshore model for region six are displayed 

in Table 14. For the first four resource intervals, the replacement 

cost is l e s s  than $30 and the sum of the sensitivity coefficients is 

equal to 1.0. For the las t  three resource intervals the replacement 

cost is more than $ 3 0  and the sum of the sensitivity coefficients 

increases steadily to 3 . 2 0  in resource interval seven. 

If we divide the sensitivity coefficients by the sum o f  the 

coefficientIs, we can calculate the cost shares for capital investment, 

lease bonus, and operating costs. The cost shares are displayed in 

Table 15. The cost shares for replacement costs that are more than 

$30 are consistent with the cost shares for the replacement costs that 

are less than $ 3 0 .  

Replacement cost shares for TANG, INTANG, PLATCO, WATRDP, and 

KTFAC are displayed in Table 16 for offshore region ten. The 

sensitivity coefficient for PRCHG were used to calculate ,0 and /3 was 

used to transform the sensitivity coefficients in Appendix B into cost 

shares. The sensitivity coefficient for the Kalter-Tyner factor is 

the sum o f  the cost shares f o r  capital investment and operating cost. 

The coefficient for KTFAC increases from 0.47  for field class 20 to 

0 . 9 0  for field class 14. The cost share for capital investment is the 

sum of the cost shares f o r  TANG and TNTANG and increases from 0 . 3 9  for 

fi.eld class 20 to 0.80 for field class 14. The cost share for the 

platform cost (PLATCO) increases from 0 . 2 2  to 0.51. The normalized 
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sensitivity coefficient for the water depth (WATRDP) is 0.88 for field 

class 14. Thus, the water depth influences 88% of the replacement 

cost for field class 14. 

Table 14. Sensitivity Coefficients for Capital Investment, Lease 
Bonus, and Operating Cost for the Onshore Model in Region S i x  

Region Resource Sensitivity Coefficients 

Interval capita 1 a Bonus Operating' 

1 0 . 5 6  0 . 0 4  0 . 3 9  
2 0.58 0 . 0 4  0 . 3 7  
3 0 .60  0.03 0 . 3 7  
4 0 . 6 4  0 . 0 2  0 . 3 3  
5 1 . 1 3  0.03 0.52 
6 1.44 0.04 0 . 6 0  
7 2.23 0 . 0 6  0 . 9 1  

SUm 

0 . 9 9  
0 . 9 9  
1 . 0 0  
0 . 9 9  
1.68 
2 . 0 8  
3.20 

a. Swn of the sensitivity coefficients for TANG and INTANG. 
b .  The sensitivity coefficient for BFAC. 
c. S u m  of  the sensitivity coefficients for OPCO(l), OPC0(2), and 

OPCO(3). 

Table 1 5 .  Replacement Cost Shares for Capital Investment, Lease 
Bonus, and Operating Cost for the Onshore Model in Region Six 

Region Resource 
Interval 

Replacement C o s t  Shares 
Capital Bonus Operating 

0 . 5 6  0 . 0 4  0 . 3 9  
0 . 5 8  0 . 0 4  0.37  
0 . 6 0  0.03 0 . 3 7  
0 .64  0.02 0 . 3 3  
0.67 0.02 0 . 3 1  
0.69 0 .02  0.29  
0 .70  0.02 0 .28  

SUm 

0 . 9 9  
0 . 9 9  
1 . 0 0  
0 . 9 9  
1 . 0 0  
1 . 0 0  
1 . 0 0  
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Table 16. Replacement Cost Shares for TANG, INTANG, PLATCO, 
WATRDP, and KTFAC for the Offshore Model in Region Ten 

Field 
Class 

20 
19  
1 8  
1 7  
1 6  
15 
14 

TANG 

0 . 2 7  
0 . 3 1  
0 . 3 8  
0.45  
0.48 
0.4% 
0 . 5 6  

Replacement Cost Shares 
INTANG PLATCO WATRDP 

0.12 0 . 2 2  0 . 3 %  
0 . 1 3  0 .26  0.44 
0.15 0 . 3 3  0 . 5 7  
0 . 1 6  0 . 3 9  0 .68  
0.19 0 .43  0 . 7 1  
0 . 2 3  0.40 0 . 6 9  
0 .24  0 . 5 1  0 . 8 8  

KTFAC 

0.47 
0 . 5 2  
0 . 6 2  
0 . 7 1  
0 .76  
0 . 7 9  
0 . 9 0  
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6. 

The DOE Fossil E Y e q y  plmgram has sponsored research by ORNL and 

its subcontractor -win and A s s o c i a t e s ,  Inc. t o  develop a set of 

cumputer rnodels to forecast the replacement cost of domestic crude oil 

and natural gas. Tkre lewin versions of the models are cal led REX0 

while. the C@NL versions are called ORION. 

&is report has presented the resUrts of a sens i t i v i ty  analysis 

of the OIZIoN mcdel for the replacement cost of dcrmestic crude oil .  An 

automated s e n s i t i v i t y  a n a l y s i s  w a s  performed us ing  a FORTRAN 

pre-compiler called GRESS. For every equation in the model, GRESS 

adds new code t o  analytically calculate the derivative of the 

replacement cost w i t h  respect t o  each parameter selected for analysis. 

men the gradient enhanced version of the moclel is run, it calculates  

both the replacement costs and the sensit ivity coefficients a t  the 

same tirne. 

9~ performing a sensit ivity analysis, we can identify iqo- 

paranetas and uncover design flaws. One of the striking features of 

ORION is that it is a bimodal mdel; the sensitivity coefficients when 

the replacement cost  is less than $30 are about a fac tor  of two 

smaller than when the replacement cost is more than $30. ?Ine bimodal 

kehavior kegins a t  a replacxmmt cost of $30 when tihe inflation factor 

PRCHG is activated i n  the subroutine ANETPV. When the replacexlent: 

cost is mm than $30, PFCHG is a linear function of price. PRCHG is 

used t o  increase the investment and operating costs  in ORION. In 

section 5, we  de;monstrated that PRCffG increases a l l  of the sensitivity 

coefficients for a region isnd resource interval (or field class) by a 
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ccmmn factor. 

is provided in Appendix C. 

More discussion of the Wct and magnitude of P R ~ I G  

For both the onshore antP offshore lllodels, the parameter with the 

largest sensitivity coefficient was the discount rate. T3e discount 

rate coefficients for the offshore model are larger than for the  

onshore model because the lead-times are longer; 3 years for the 

onshore mQdel and 5 to 15 years for the offshore model. Since the 

discount rate has both a large sensitivity coefficient and an 

uncertain value, it is the greatest source of uncertainty in the 

replacement costs calculated by OXON. 

For the onshore regions when the replacement cost is less than 

$30, the sensitivity ccefficients for the discount rate are about 4.0, 

the coefficients for the production parameters are about 1.0 , and the 
coefficients for the cost parameters are less than 0.4 and are 

positive. For the offshore regions, the sensitivity coefficients for 

the discount rate average about 9.0, the coefficients for the 

pmduction parameters are about 0.2, the coefficients for the cost 

p z r a - ~ ~ t e x s  are less than 0.2, but the caefficients for the. federal tivn 

and lease bonus are larger than the coefficients for the onshore 

model. The Kalter-Tyner factor ampLifies the casts of prcduction in  

s?xxmy regions and has a larye sensitivity coefficient. 

The sensitivity analysis indicates which input parameters are 

important and evaluates the structure of the model. For the offshore 

model, the sensitivity analysis revealed that the costs of production 

are not part of the input data but are determined by fixed formilas in 

the subroutine DEVSKD. To a l l o w  the model to be adjusted for 
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inflation or new data, the cost parameters should be inputs or should 

be calculatxxl by formulas that require bput parameters. 

The validation of the GFUBS results for the onshore model found 

good agreement between the GRESS results and the results of a 

perturbation calculation. Validation of the GRESS results for the 

offshore model by comparison w i t h  a perturbation calculation found 

occasional significant diff- between the two sets of results. 

Detailed analysis of a few of the large differences revealed that the 

caw was the widespread use of step-fuwtions in the offshore model. 

Can the use of stepfunctions be considered a design f law? For a 

siqle project, discrete choices are inevitable and step-functions are 

appropriate. If a lllDdel is forecastirq the average replacement costs 

for many projects in a region, the average behavior should vary 

smoothly and should not use step-functions. Unless there are 

ccsrrrpellhg aryuments in favor of step-fumtions, the model should be 

redesign& to give continucus results. 
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This Appendix displays the detailed results for the sensitivity 
analysis of the onshore -1. A su~[pnary of the sensitivity analysis 
is displayed in Table A-1. Using GRESS, sensitivity analysis was 
performed for 42 parameters; the first 31 parameterS in Table A-1 are 
input data; the next 10 paran~ters are intermediate results; the final 
paranseter is related to the structure of the mdel. 

For ea& of the parameters, GRESS has calculated sensitivity 
coefficients; the coefficients are the ratio of the percentage charge 
in the replacement Cost to the percentage change in the parameter. 
For each parameter, Table A-1 displays two Sets of maximum, minimUm, 
and mean values. The two sets are the 17 replacement costs that are 
less than $30 and the 20 replacesnent costs that are greater than $30. 

The principal results of the analysis for the onshore m o d e l  were 
discussed in Section 2. Tables A-2 to A-34 of this appendix display 
the sensitivity coefficients by region and by res-- interval for 33 
of the 42 parameters. The criteria for chooshg the 33 parameters was 
that the mean value for the sensitivity coefficients f o r  the 
replacement costs that are greater than $30 should be larger in 
magnitude than 0.10. A dash in a table means that the replacement 
cost is greater than $199 and no sensitivity coefficients were 
calculated. 
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Table A-1. summary of (;REsS Results €or the onshare Model 

k 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

Max 
4.35 
1.39 

-0.99 
0.00 
0.00 
0.43 
0.62 
0.42 
-0.20 
0.36 
0.19 
0.22 
0.23 
0.14 
-0. LO 
0.14 
0.14 
0.11 
-0.04 
-0.07 
0.08 
0.05 
0.06 
0.05 
-0.02 
0.04 
0.02 
0.01 
0.02 
0.01 
0.00 
-0.99 
-0.89 
-0.84 
0.50 
0.32 
0.29 

-0.06 
-0.04 
0.08 
0.02 
0.00 

cost < $30 

Min 
2.90 
0.99 
-1.39 
-0.98 
-0.98 
0.28 
0.09 
0.20 

-0.42 
0.18 
0.16 
0*06 
0.09 
0.14 
-0.22 
0.10 
0.09 
0.09 
-0.20 
-0.08 
0.06 
0.05 
0.03 
0.02 
-0.05 
0.02 
0.00 
0.01 
0.01 
0.00 
0.00 
-1.39 
-1.17 
-0.91 
0.25 
0.27 
0.13 
-0.11 
-0.14 
0.05 
0.01 
0-00 

m 
3.82 
1.16 
-1.16 
-0.98 
-0.96 
0.36 
0.31 
0.28 
-0.28 
0.26 
0.17 
0.14 
0.14 
0.14 
-0.13 
0.12 
0.12 
0.10 
-0.09 
-0.08 

0.07 
0.05 
0.05 
0.04 
-0.04 
0.03 
0.01 
0.01 
0.01 
0.00 
0.00 
-1.16 
-1.01 
-0.87 
0.39 
0.30 
0.19 
-0.09 
-0.07 
0.06 
0.01 
0.00 

Max 
3.5.59 
5.01 
-1.92 
0.00 
0.00 
1.34 
2.07 
0.88 
0.00 
0.96 
0.63 
0.93 
0.56 
0.54 
-0.20 
0.48 
0.47 
0.33 
-0.11 
-0.11 
0.26 
0.20 
0.16 
0.15 
-0 e 03 
0.08 
0.10 
0.02 
0.02 
0.07 
0.00 
-1.92 
-1.27 
-1.43 
1.61 
1.10 
0.53 
-0.12 
0.00 
0.45 
0.02 
2.11 

cost > $30 

Min 
6.03 
1.92 
-5.01 
-3 " 67 
-2.44 
0.44 
0.21 
0.00 
-0.89 
0.30 
0.23 
0.19 
0.15 
0.23 
-0.51 
0,15 
0.16 
0,13 

-0.80 
-0.29 
0.09 
0.09 
0.05 
0.05 

-0.13 
0.03 
0.00 
0.01 
0.01 
0.00 
0.00 
-5.01 
-4.14 
-3 19 
0.57 
0-41 
0,21 

-0.49 
-0.34 
0.08 
0.01 
0.03 

Mean 
9.51 
2.84 
-2.84 
-2 46 
-1.87 
0.76 
1.02 
0.38 
-0.38 
0.51 
0.37 
0.52 
0.27 
0.33 
-0.31 
0.26 
0.24 
0.19 

-0.40 
-0-17 
0.15 
0.12 
0.09 
0.10 
-0.08 
0.05 
0,09 
0.01 
0.01 
0.02 
0.00 
-2.84 
-2.16 
-1.98 
1.05 
0.64 
0.32 

-0.25 
-0.16 
0.19 
0.01 
0.66 
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Table A-2. Percent ChaIqe in O i l  Price by Region and Resource 
Intend in Respmse to a 1% Increase h DISCRT -Discoun t  R a t e  

Region 
1 2 3 4 5 6 

3.89 4.32 3.83 9.17 4.13 3.03 
3.84 4.35 3.70 10.72 4.16 2.93 
3.96 4.30 3.71 10.70 4.19 2.90 
6.70 7.47 6.15 15.41 4.25 3.36 
7.97 9.30 7.20 - 7.07 6.03 
10.30 12.65 9.14 - 8.10 7.74 - 15.59 - 10.85 11.95 

Table A-3. perce3lt change in O i l  Price by 
Region an3 ~esource Interval in m n s e  ta a 

1% Increase in WELLS - successful Exploratory Oil Wells 

Region 
1 2 3 4 5 6 

1.33 1.05 0.99 2.46 1-05 1.10 
1.30 1.10 1.00 2.95 1.16 1.08 
1.39 1.23 1.06 2.97 1.15 1.27 
3.15 2.28 1.92 5.01 1.15 1.27 
2.41 3.08 2.07 - 2.21 3.22 
3.00 3.25 2.50 - 1.98 2.26 - 3.99 - 2.36 3.65 - 

Table A-4. Rxcent Change in Oil Pria by 
m i a n  and Resoure  Intewal in REssponse to a 

1% Increase R E 3  - New Field & New €bo1 Reserve Discoveries 

R e s o u r c e  
Interval 

-ion 
1 2 3 4 

-1.33 -1.05 -0.99 -2.46 
-1.30 -1.10 -1.00 -2.95 
-1.39 -1.23 -1.06 -2.97 
-3.15 -2.28 -1.92 -5.01 
-2.41 -3.08 -2.07 
-3.00 -3.25 -2.50 - - - -3.99 - 

- 

5 

-1.05 
-1.16 
-1.15 
-1.15 
-2.21 
-1.98 
-2.36 

6 

-1.10 
-1.08 
-1.27 
-1.27 
-3.22 
-2.26 
-3.65 
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Table A-5. 
in Responsc3 to a 1% Increase in u)bluE3c -Small Field prcaduction Profile 

Fercent Change in O i l  Price by Region and Resource  Interval 

ResourCe 
Intewal 1 2 

0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
-2.30 -2.67 

Region 
3 4 

0.00 0.00 

0.00 -2.46 
0.00 -3.49 
-1.73 - 
-2.17 - 
-3.67 

0.00 0.00 

5 6 

0.00 0.00 
0.00 0.00 

0.00 -0.98 
0.00 -1.67 
-1.76 -2.08 
-2.37 -3.20 

0.00 0.00 

Table A-6. 
i.n Response to a 1% Increase in FNUI.2 - Targe Field Production mofile 

Percent Change in O i l  Price by Region and Resource Interval 

R w u r c e  Region 
I n t e r n 1  1 2 3 4 5 6 

1 -0.95 -0.95 -0.95 -2.14 -0.94 -0.95 
2 -0.96 -0.96 -0.95 -2.44 -0.94 -0.95 
3 -0.97 -0.98 -0.97 0.00 -0.97 -0.97 
4 -1.59 -1.67 -1.63 0.00 -0.97 0.00 
5 -1.86 -2.04 0.00 - -1.61 0.00 
6 0.00 0.00 0.00 - 0.00 0.00 
7 - - 0.00 - 0.00 0.00 

Table A-7. Went ckange in O i l  mice by Region and Fteso- In tewal  
in Response  to a 1% Increase in MUCLM) - Drilling Cost for a W e l l  

ResourCe 
Interval 1 

1 0.39 
2 0.39 
3 0.37 
4 0.55 
5 0.62 
6 0.71 

2 

0.43 
0.43 
0.43 
0.71 
0.80 
0.97 - 

Region 
3 4 5 6 

0.33 0.88 0.38 0.28 
0.33 0.99 0.37 0.28 

0.55 1.34 0.36 0.28 
0.59 - 0.58 0.44 
0.70 - 0.63 0.52 
1.12 - 0.80 0.79 

0.33 0.99 0.38 0.28 
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Table A-8. percent Qlange in Oil Price by Region and Rf33nmx snterval 
in Response to a 1% Incr- in rwuL - Well prodtuction Tables 

Resaur@e m i o n  
Interval 1 2 3 4 5 6 

1 0.52 0,21 0.09 0.49 0.20 0.21 
2 0.50 0.27 0.10 0.73 0.32 0.19 
3 0.62 0.39 0.15 0.83 0.30 0.38 
4 2.00 0.90 0.42 2.07 0.33 0.41 
5 1.12 1.50 0.52 - 0.90 1.87 
6 1.51 1.33 0.64 - 0.58 0.66 
7 - - 0.95 - 0.21 1.24 

Table A-9. percent Change in O i l  price by R e g o p  and Resource 
Interval in Response to a 1% l3mease in TD -Total Developrent Wells 

F45smce 
Interval 1 2 

0.25 0.42 
0.24 0.40 
0.20 0.38 
0.22 0.56 
0.20 0.48 
0.15 0.36  - - 

Region 
3 4 

0.26 0.81 
0.26 0.86 
0.25 0.77 
0.38 0.88 
0.34 - 
0.29 - 
0.23 - 

5 

0.34 
0.30 
0.27 
0.20 
0.20 
0.12 
0.00 

6 

0.26 
0.26 
0.23 
0.20 
0.17 
0.08 
0.03 

Table A-10. Percent Change in Oil price by 
Region and R e . s m m ~  Interval in Response to a 

1% Increase in D6 - successful r . m e l ~ t  Wells 

Kesource Region 
Internal 1 2 3 4 5 6 

1 -0.25 -0.42 -0.26 -0.81 -0.34 -0.26 
2 -0.23 -0.40 -0.26 -0.86 -0.31 -0.26 
3 -0.20 -0.38 -0.25 -0.77 -0.27 -0.24 
4 -0.22 -0.56 -0.38 -0.89 -0.20 -0.20 
5 -0.20 -0.48 -0.34 - -0.20 -0.17 
6 -0.15 -0.36 -0.29 - -0.12 -0.08 
7 - - -0.23 - 0.00 -0.03 
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Table A-11. F+mx?nt ckange in Oil Price by Region and Resource 
Interval lin Response  to a 1% Inclrease in OPRAT - Operating Cost Ratios 

_I-_ 

l?.esource 
Interval 

1 
2 
3 
4 
5 
6 
7 

1 

0.22 
0.22 
0.21 
0.31 
0.35 
0.37 - 

2 

0.18 
0.18 
0.18 
0.30 
0.35 
0.39 - 

Region 
3 4 

0.30 0.55 
0.30 0.62 
0.30 0.55 
0.50 0.76 
0.48 
0.58 - 
0.96 - 

5 

0.23 
0.22 
0.22 
0.22 
0.35 
0.34 
0.45 

6 

0.36 
0.36 
0.36 
0.32 
0.50 
0.59 
0.83 

Table A-12. Percent Change in Oil Price by Region and Resource 
Interval in Response to a 1% Increase in DEPLIF - Depreciation Life 

ResourCe Region 
Interval 1 2 3 4 5 6 

1 0.17 0.17 0.19 0.43 0.17 O e 1 9  
2 0.16 0.16 0.18 0.49 0.16 0.18 
3 0.16 0.16 0.19 0.47 0.16 0.18 

5 0.26 0.30 0.33 - 0.25 0.28 
6 0.30 0.37 0.39 - 0.27 0.32 
7 - - 0.62 - 0.35 0.48 

4 0.23 0.27 0.31 0.63 a.16 0.18 

Table A-13. 
Interval in Response. to a 1% Incr- in IXIW - Dry Hole Cost 

Percent Change i n  Oil Price by Region aml R e s o w ~  

ResourCe 
Interval 1 

0.15 
0.17 
0.22 
0.47 
0.62 
0.88 - 

ion 
2 3 4 

0.16 0.09 0.24 
0.18 0.09 Q.32 
0.20 0.10 0.39 
0.39 0.19 0.67 
0.58 0.25 - 
0.93 0.39 - - 0.79 - 

5 6 

0.14 0.06 
0.16 0.07 
0.18 0.09 
0.21 0.13 
0.40 0.34 
0.49 0.51 
0.72 0.85 

..... I_x_ .... __ 
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Table A-14. percerrt Chzqe in O i l  price by mgiun and F?esome Interval 
in ~esponse to a 1% Increase in OPCXIS - operating Cost for a Well 

m 
Interval 1 

1 0.11 
2 0.11 
3 0.11 
4 0.16 
5 0.18 
6 0.19 
7 - 

Region 
2 3 4 

0.09 0.16 6.27’ 
0.09 0.16 0.30 
0.09 0.16 0.28 
0.15 0.26 0.38 
0.17 0.25 - 
0.19 0.31 - - 0.50 - 

5 

0.11 
0.11 
0.11 
0.11 
0.17 
0.16 
0.21 

6 

0.23 
0.23 
0.23 
0.20 
0.32 
0.37 
0.56 

Table A-15. Percent c3ange in Oil Price by Region and R e s o u r c e  
Interval in Response  to a 1% Increase in ROYL - Rqml ty  Rate 

ResourCe 
Interval 1 

0.14 
0.14 
0.14 
0.23 
0.27 
0.33 - 

2 

0.14 
0.14 
0.14 
0.24 
0.30 
0.39 - 

Region 
3 4 5 

0.14 0.31 0.14 
0.14 0.36 0.14 
0.14 0.36 0.14 
0.24 0.51 0.14 
0.25 - 0.23 
0.32 - 0.26 
0.54 - 0.35 

6 

0.14 
0.14 
0.14 
0.14 
0.24 
0.30 
0.47 

Table A-16. Percent Change in Oil Price by Region and F ? e s m  
Intenral in RespMlse to a 1% Increase in API - Crude Oil Gravity 

Resource Region 
Intend 1 2 3 4 5 6 

1 -0.19 -0.11 -0.12 -0.27 -0.10 -0.12 
2 -0.19 -0.11 -0.11 -0.31 -0.11 -0.12 
3 -0.22 -0.12 -0.13 -0.32 -0.12 -0.13 
4 -0.36 -0.21 -0.21 -0.45 -0.12 -0.13 
5 -0.42 -0.26 -0.22 - -0.20 -0.23 
6 -0.51 -0.33 -0.27 - -0.22 -0.28 - -0.47 - -0.29 -0.43 7 - 
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Tab le  A-17. Percent Change in Oil Price by F&x.Jion and RRsource Interval 
in ~esponse to a 1% lmmase in - EXpipmmt cost. for a Well 

ReSOurCe 
Interval 1 2 

0.11 0.10 
0.11 0.10 
0.10 0.10 
0.15 0.16 
0.17 0.18 
0.20 0.22 - - 

Region 
3 4 5 6 

0.14 0.28 0.10 0.14 
0.14 0.31 0.10 0.14 
0.14 0.32 0.10 0.14 
0.24 0.43 0.10 0.14 
0.25 - 0.16 0.22 
0.30 - 0.17 0.26 
0.48 - 0.22 0.38 

Table A-18. Percent Change in O i l  Price by 
Region and Resource Interval in R e s p m s e  to a 

1% Increase in INFOP - waterflood c&erating cost for a Well 

ResourCe 
Interval 

Region 
1 2 3 4 

0.11 0.09 0.14 0.27 
0.11 0.09 0.14 0.31 
0.10 0.09 0.14 0.27 
0.16 0.16 0.24 0.38 
0.18 0.19 0.23 - 
0.19 0.21 0.28 - 

0 - 0.47 - 

5 

0.12 
0.12 
0.12 
0.11 
0.18 
0.17 
0.24 

6 

0.14 
0.13 
0.13 
0.12 
0.18 
0.22 
0.33 

Table  A-19. Percent Qlange in O i l  Price by Region and R e s o u r e  
Interval in R e s p o n s e  to a 1% Increase in FTAX - F d e r a l  Income Tax Rate 

Resource 
Interval 1 2 

0.10 0.10 
0.09 0.09 
0.09 0.09 
0.13 0.15 
0.14 0,17 
0.16 0.20 - 

Region 
3 4 5 

0.11 0.23 0.10 
0.10 0.26 0.10 
0.10 0.24 0.10 
0.16 0.33 0.09 
0.17 - 0.14 
0.20 - 0.15 
0.33 - 0.19 

6 

0.11 
0.10 
0.10 
0.09 
0.14 
0.17 
0.25 
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Table A-20. Fercent Ckmge in O i l  Price by Region arid Resource 
Interval in Response to a 1% Incmase in IFLD - Field production Tables 

1 2 
Region 
3 4 5 6 

-0.12 
-0.15 
-0.20 
-0.43 
-0.56 
-0.80 - 

-0.10 
-0.11 
-0.13 
-0.28 
-0.45 
-0.74 

I 

-0.04 -0.16 
-0.04 -0.21 
-0.05 -0.30 
-0.11 -0.55 
-0.17 - 
-0.29 
-0.62 - - 

-0.07 
-0.09 
-0.11 
-0.14 
-0.28 
-0.35 
-0.21 

-0.04 
-0.05 
-0.07 
-0.11 
-0.30 
-0.47 
-0.77 

Table A-21. Percent Change in O i l  price by Region and Resource 
Intewal b-~ Response t o  a 1% Irxxease in INCTC - Inccane Tax credit Rate 

Rt2XuKe 
Interval 1 2 

1 -0.08 -0.08 
2 -0.07 -0.07 
3 -0.07 -0.07 
4 -0.11 -0.12 
5 -0.12 -0.14 
6 -0.14 -0.17 
7 - ... 

Region 
3 4 

-0.08 -0.19 
-0.08 -0.22 
-0.03 -0.21 
-0.14 -0.29 
-0.15 - 
-0.18 - 
-0.28 - 

5 6 

-0.08 -0.08 
-0.07 -0.08 
-0.08 -0.08 
-0.07 -0.08 
-0.11 -0.13 
-0.13 -0.15 
-0.16 -0.22 

Table A-22. 
-ion and Resaurce  Interval Response t0 a 

1% ~ncrease in  IKEQ - Injection Equipm-it Cost for a Well 

Percent Change in O i l  Price by - 
Interval 1 

1 0.06 
2 0.06 
3 0.06 
4 0.09 
5 0.09 
6 0.11 - 7 

Region 
2 a 4 

0,06 0.08 0.17 
0.06 0.08 0.19 
0.06 0.08 0.19 
0-09 0.13 0.26 
0.11 0.14 - 
0.13 0.16 - 

I - 0.26 

5 

0.07 
0.07 
0.07 
0.07 
0.11 
0.11 
0.15 

6 

0.08 
0.08 
0.08 
0.08 
0.13 
0.15 
0.22 
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Table  A-23. Percent Change in O i l  Price by Region and Resource 
Interval in Response to a 1% Increase in SEV - Severance Tax Rate 

Resource Itegion 
In t ewa l  1 2 3 4 5 6 

1 0.05 0.05 0.05 0.12 0.05 0.05 
2 0.05 0.05 0.05 0.13 0.05 0.05 

0.05 0.05 0.05 0.13 0.05 0.05 3 
4 0.09 0.09 0.09 0.19 0.05 0.05 
5 

7 

0.10 0.11 0.09 - 0.09 0.09 
6 0.12 0.14 0.12 - 0.09 0.11 - 0.20 - 0.13 0.27 

Table A-24. Percent Change in O i l  Price by 
Region and Resoume Interval in Response to a 

1% Increase in GARATE - General & Actministuative Rate 

Resource  Region 
Interval 1 2 3 4 5 6 

1 0.04 0.04 0.03 0-08 0.04 0.02 
2 0.04 0.04 0.03 0.09 0.04 0.02 
3 0.04 0.05 0.03 0.10 0.04 0.03 
4 0.08 0.08 0.05 0.15 0.04 0.03 
5 0.10 0.10 0.06 - 0.07 0.06 
6 0.13 0.15 0.08 - 0.08 0.08 
7 - - 0.15 - 0.12 0.13 

Table A-25. Percent change in O i l  Rice by 
Region and Resource Interval in Response ta 

a 1% Increase in AVDEP - Total  Footage per well 

ReSOW(X2 Region 
Intewal 1 2 3 4 5 6 

1 -1.33 -1.05 -0.99 -2.46 -1.05 -1.10 
2 -1.30 -1.10 -1.00 -2.95 -1.16 -1.08 
3 -1.39 -1.23 -1.06 -2.97 -1.15 -1.27 
4 -3.15 -2.28 -1.92 -5.01 -1.15 -1.27 
5 -2.41 -3.08 -2.07 - -2.21 -3.22 
G -3.00 -3,25 -2.50 - -1.98 -2.26 
7 - - -3.99 - -2.36 -3.65 
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Table A-26. FIxcent Change h O i l  Rice by Region and Resource 
Interval in l3espnse to a 1% Increase in FR(1) - SuccElSsful Find- Rate 

Resource 
Interval 1 

1 -1.17 
2 -1.11 
3 -1.13 
4 -2.59 
5 -1.67 
6 -1.93 
7 - 

2 

-0.89 
-0.92 
-1.02 
-1.83 
-2.34 
-2.02 

4.. 

RtrJion 
3 4 

-0.92 -2.20 
-0.93 -2.59 
-0.97 -2.50 
-1.73 -4.14 
-1.78 - 
-2.01 - 
-2.90 - 

5 

-0.92 
-0.99 
-0.94 
-0.89 
-1.66 
-1.27 
-1.27 

6 

-1.05 
-1.01 
-1.17 
-1.11 
-2.76 
-1.53 
-2.43 

Table A-27. w t  Charge in O i l  Price by Region and Resourcel 
~nterval in ~esponse to a 1% Increase in YFRX) - Crude O i l  production 

Resource Region 
Interval 1 2 3 4 5 6 

1 -0.86 -0.84 -0.84 -1.88 -0.86 -0.89 
2 -0.86 -0.84 -0.84 -2.15 4.87 -0.89 
3 -0.88 -0.86 -0.86 -2.14 -0.89 -0.91 
4 -1.43 -1.47 -1.44 -3.04 -0.89 -0.91 
5 -1.68 -1.80 -1.50 - -1.47 -1.55 
6 -2.05 -2.33 -1.88 - -1.58 -1.94 
7 ..- - -3.19 - -2.13 -2.97 

ResMlrce Region 
Interval 1 2 3 4 5 6 

1 0.42 0.47 0.31 0.85 0.40 0.25 
2 0.44 0.48 0.32 1-00 0.42 0.27 
3 0.48 0.50 0.33 1.08 0.44 0.29 
4 0.85 0.88 0.57 1.60 0.46 0.33 
5 1.04 1.14 0.66 - 0.80 0.65 
6 1.38 1.61 0.88 - 0.92 0.88 
7 - - 1.57 - 1.28 1.39 
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Table A-29. Fercent change in O i l  Price by 
Region and Resauree Interval in Response to a 

1% Increase in TANG - Capitalized (Tangible) Investment 

Resource 
Interval 

Region 
1 2 3 4 5 6 

0.29 0.29 0.32 0.72 0.29 0.31 
0.28 0.29 0.32 0.80 0.29 0.31 
0.27 0.29 0.32 0.81 0.29 0.31 
0.41 0.47 0.53 1.10 0.28 0.31 
0.45 0.53 0.57 - 0.44 0.48 
0.52 0.65 0.68 - 0.48 0.56 - 1.08 - 0.61 0.84 I 

Table A-30. Percent Change in oil  price by 
Region and Rescmrce Interval in Response to a 

1% Increase in OpCo(2) - Labor and Materials operating Cost 

Resource kiqion 
Interval 1 2 3 4 5 6 

1 0.17 0.13 0.23 0.36 0.16 0.29 
2 0.16 0.13 0.23 0.38 0.16 0.28 
3 0.16 0.13 0.23 0.33 0.16 0.28 
4 0.23 0.21 0.37 0.40 0.16 0.25 
5 0.24 0.22 0.34 - 0.25 0.38 
6 0.23 0.22 0.38 - 0.23 0.41 
7 - - 0.51 - 0.26 0.53 

.... _. . .. . . . .. ...... 

T a b l e  A-31. Percent Change in Oil Price by Region and Resource Interval 
in Response to a 1% Increase in MPROD - Natural G a s  Proauction 

RE?scurc@ %ion 
Interval 1 2 3 4 5 6 

1 -0.09 -0.11 -0.11 -0.26 -0.08 -0.06 
2 -0.10 -0.11 -0.11 -0.29 -0.08 -0.Q6 
3 -0.10 -0.11 -0.11 -0.32 -0.08 -0.06 
4 -0.16 -0.20 -0.19 -0.46 -0.08 -0.07 
5 -0.19 -0.24 -0.23 - -0.14 -0.12 
6 -0.25 -0.35 -0.29 - -0.18 -0.15 
7 c - 4 . 4 9  - -0.24 -0.23 
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%le A-32. Fercent Change in O i l  Price by F&gion and Resource 
Internal in Response to a 1% Imxwse DELR - Developrent Wells 

Rescsurce Region 
Interval 1 2 3 4 5 6 

1 -0.10 -0.08 -0.04 -0.13 -0.05 -0.04 
2 -0.12 -0.09 -0.04 -0.17 -0.06 -0.04 
3 -0.14 -0.10 -0.04 -0.22 -0.07 -0.06 
4 -0.23 -0.19 -0.08 -0.34 -0.07 -0.07 
5 -0.24 -0.23 -0.11 - -0.08 -0.12 
6 -0.23 -0.24 -0.13 - -0.06 -0.07 
7 - - -0.14 - 0.00 -0.03 

Table A-33. Percent Change in Oil Price by 
Region and Resowxe Interval in Response to a 

1% Increase in Opco(1) -Fuel Fl3wer opesating cost 

ResourCe 
Intewal 1 

1 0.06 
2 0.05 
3 0.05 
4 0.08 
5 0.11 
6 0.14 
7 - 

Region 
2 3 4 

0.05 0.07 0.19 
0.05 0.07 0.24 
0.05 0.07 0.22 
0.09 0.13 0.36 
0.13 0.13 - 
0.18 0.21 - - 0.45 - 

5 

0.06 
0.06 
0.06 
8.06 
0.10 
0.11 
0.19 

6 

0.08 
0.08 
0.08 
0.07 
0.12 
0.18 
0,36 

Table A-34. Fermt Change in O i l  Price by 
Region and ResrrurCe Interval in Response to a 

1% Increase in PRCWG - Inflation Factor in ANEICW 

R€?SOUlXE? Region 
Intemal 1 2 3 4 5 6 

1 0.00 0.00 0.00 0.49 0.00 0.00 
2 0.00 0.00 0.00 0.84 0.00 0.00 
3 0.00 0.00 0.00 0.89 0.00 0.00 
4 0.03 0.10 0.06 1.93 0.00 0.00 
5 0.30 0.47 0.17 - 0.03 0.11 
6 0.74 1.11 0.60 - 0.19 0.53 - - 2.11 - 0.80 1.65 7 
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This Appendix displays the detailed results for the sensitivity 
analysis of the offshore e. A ssummxy of the sensitivity analysis 
is displayed in Table B-1. Using GRESS, sensitivity analysis was 
performed for 47 parameters; the first 28 prameters in Table 3-1 are 
input data: the next 11 parameters are related to costs: the next 7 
parameters are intema3iat-e results; the final paramter is related to 
the structure of the model. 

For each of the parameters, GRESS has calculated sensitivity 
coefficients; the coefficients are the ratio of the percentage change 
i n  the replacemnt cost t o  the percentage change in the parameter. 
For each parameter, Table l3-1 displays tWr, sets of n \ a x h ,  m b h ,  
and mean values. The t w  sets are the 57 replacement costs that are 
less than $30 and the 44 replacement oosts that are greater than $30. 

The principal results of the analysis for the onshore model w e r e  
discussed in Section 3.  Tables  E3-2 to 8-20 of this appendix display 
the sensitivity coefficients by region and by resource interval for 19 
of the 47 paran-eters. The criteria for choosing the 19 pramters was 
t h a t  the mean value f o r  the sensitivity coefficients far t h e  
replace3merut costs that are less than $30 should be larger in magnitude 
than 0.10. A dash i n  a table means that the replacement cost is 
greater than $199 and no sensitivity coefficients were  calculated. 
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Table B-1. Sunrmary of the c;REss R e s u l t s  for the Offshore M o d e l  
__ 

k 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

Max 
16.59 
0.86 
0.58 
0.35 

-0.06 
-0.04 
-0.05 
0.20 
0.63 
0.53 

-0. Q8 
0.21 

-0.01 
-0.02 
0.08 
0.08 
0.07 
0.07 
0.03 
0.03 

-0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.34 
0.36 
0.08 
0.10 
0.12 
0.12 
0.12 
0.12 
0.06 
0.02 
0.00 

-0.25 
0.44 
0.35 
0.12 
0.10 
0.03 
0.05 
0.00 

Cost < $30 
Min 

5.77 
0.20 
0.19 
0.00 

-0.52 
-0.43 
-0- 50 

0.18 
0.02 
0.04 

-0.20 
0.03 

-0.07 
-0.06 
-0.02 

0.00 
0.00 
0.00 
0.00 
0.00 

-0.10 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.04 
0.02 
0.02 
0.02 
0.01 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

-0.81 
0.05 
0.04 
0.02 
0.02 
0.00 

-0.07 
0.00 

Mean 
9.35 
0.53 
0.38 
0.22 

-0.22 
-0.21 
-0.21 
0.20 
0.17 
0.16 

-0.15 
0.12 

-0.04 
-0.04 
0.03 
0.02 
0.02 
0.02 
0.01 
0.01 

-0 * 01 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.15 
0.13 
0.05 
0.05 
0.05 
0.03 
0.03 
0.03 
0.02 
0.01 
0.00 

-0.52 
0.25 
0.15 
0.06 
0.05 
0.01 

-0.01 
0.00 

Masr 
28.60 

3.23 
0.74 
0.27 

-0.12 
-0.04 
-0.11 
0.68 
3.35 
1.40 

-0.16 
1.01 

-0.04 
0.00 
0.02 
0.95 
0.08 
0.08 
0.10 
0.16 

-0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.97 
1.97 
0.18 
0.06 
0.37 
0.47 
0.63 
0.63 
0.15 
0.08 
0-30 

-0.51 
2.09 
1.08 
0.47 
0.06 
0.32 
0.00 
2.18 

Cost > $30 
Min 
5.65 
0.51 
0.23 
0.00 

-1.97 
-2.30 
-1.77 
0.15 
0.00 
0.00 

-0.81 
0.11 

-0.33 
-0.14 
-0.15 
0.00 
0.00 
0.00 
0.01 
0.01 

-0.44 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.09 
0.10 
0.00 
0.03 
0.05 
0.. 00 
0.00 
0.02 
0.01 
0.01 
0.00 

-3 e 07 
0.23 
0.14 
0.03 
0.03 
0.01 

-0.29 
0.00 

M€?dn 
13.38 
1.58 
0.39 
0.19 

-0.75 
-0.66 
-0.69 

0.36 
0.87 
0.45 

-0.38 
0.37 

-0.12 
-0.07 
-0.06 
0.29 
0.04 
0.04 
0.05 
0.05 

-0.09 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.36 
0.52 
0.10 
0.04 
0.15 
0.11. 
0.18 
0.21 
0.05 
0.03 
0.12 

-1.49 
0.77 
0.49 
0.18 
0.04 
0.09 

-0.13 
0.62 
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Table F3-2- Eeroent Cbarqe in O i l  Price by Ftegian and Field 
Class in Rtssponse to a 1% 1- in D I S W  - D k x n m t  Rate 

F i e l d  
C l a s s  

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

Field 
Class 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

Region 
1 2 3 4 5 6 7 

5.65 
6.01 
6.84 
8.46 
8.43 
14.13 

- - 
- 

5.96 
6.42 
7.56 
10.03 
13.24 - - - - - - 

8.17 
8.01 
7.83 
7.64 
7.41 
7.06 
6.64 
6.37 
10.80 
10.66 
15.95 

7.76 
7.61 
7.44 
7.27 
7.10 
6.79 
6.46 
11.23 
13.92 
13.29 - 

11.97 
11.68 
11.35 
9.89 
10.76 
9.37 
15.69 
24.39 - - - 

Region 
8 9 10 11 12 13 14 

10.80 
10.54 
10.25 
12.44 
13.81 
14.67 
28.60 ... - - - 

9.42 
9.24 
7.95 
7.63 
7.43 
7.14 
6.80 
13.12 
13.55 
16.88 - 

12.79 
12.52 
11.05 
14.25 
15.11 
17.47 
21.99 - 

... - - 

10.55 
10.34 
10.05 
8.77 
10.24 
9.13 
7.97 
6.80 
11.79 
14.34 - 

16.59 
14.13 
12.58 
15.31 
16.70 - - - - - 

10.34 
9.22 
10.10 
8.88 
8.60 
7.43 
6.90 
6.31 
5.77 
9.16 
13.66 

16.20 
14.65 
12.96 
17.21 
17.72 
22 e 29 - 

- 
- - 
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Table B-3. Percent Qlange in Oil €?rice by Region and Field Class 
in Response to a 1% Increase in KITAC - Kalter-Tyner Factor 

Field 
Class 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

Field 
Class 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

1 

0.51 
0.60 
0.79 
1.12 
1.38 
2.58 

- - 
I - 

8 

0.46 
0.53 
0.60 
1.01 
1.03 
1.43 
3.23 
I - - - 

2 

0.62 
0.73 
0.98 
1.47 
2.08 - - - - - - 

9 

0.44 
0.47 
0.55 
0.62 
0.69 
0.75 
0.82 
1.69 
1.83 
2.51 - 

3 

0.96 
1.18 
1.83 - 

- - 
I - - - 
I 

Region 
10 11 

0.47 0.32 
0.52 0.37 
0.62 0.44 
0.95 0.55 
1.12 0.60 
1.26 0.69 
2.03 0.78 - 0.86 - 1.82 - 2.48 - - 

5 

0.31 
0.35 
0.41 
0.47 
0.57 
0.64 
0.75 
0.80 
1.53 
1.91 
3.15 

12 

0.32 
0.43 
0.57 
1.01 
1.43 

6 

0.38 
0.43 
0.48 
0.55 
0.64 
0.71 
0.81 
1.51 
1.94 
2.46 

13 

0.20 
0.25 
0.27 
0.35 
0.45 
0.53 
0.64 
0.75 
0.86 
1.57 
2.49 

7 

0.33 
0.39 
0.46 
0.60 
0.59 
0.71 
1.44 
2.95 

- - 

14 

0.32 
0.43 
0.57 
0.76 
1.07 
1.85 - 
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Table &-4. Rmxmt w e  in O i l  price by Region and Field Class 
in Ezesponse to a 1% Inrrease in FTFX - Federal Income Tax Rate 

Field Region 
class 1 2 3 4 5 6 7 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

0.23 
0.23 
0.24 
0.27 
0.26 
0.35 - 

0.23 
0.24 
0.25 
0.30 
0.34 - 

0.29 
0.31 
0.37 - 

0.43 
0.41 
0.39 
0.37 
0.33 
0.29 
0.24 
0.21 
0.31 
0.32 
0.43 

0.40 
0.38 
0-36 
0.33 
0,30 
0.27 
0.22 
0.35 
0.39 
0.37 - 

0.51 
0.48 
0.45 
0.38 
0.38 
0.32 
0.47 
0.70 - 

F i e l d  Region 
ClaSS 8 9 10 11 12 13 14 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

0.43 
0.41 
0.38 
0.44 
0.44 
0.45 
0.74 - 

0.43 
0.41 
0.36 
0.32 
0.30 
0.26 
0.22 
0.39 
0.36 
0.37 - 

0.47 
0.45 
0.39 
0.46 
0.46 
0.47 
0.54 - 

0.50 
0.47 
0.44 
0.37 
0.37 
0.31 
0.25 
0.20 
0.34 
0-36 - 

0.58 
0.50 
0.43 
0.49 
0.50 

a. 55 
0.51 
0.52 
0.46 
0.42 
0.37 
0.31 
0.25 
0.19 
6.26 
0.37 

0.58 
0.51 
0.43 
0.53 
0.49 
0.55 
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Table B-5. F%zcent change in O i l  Price by Region and F i e l d  
C l a s s  in Response to a 1% Increase in BFAC - Lease Bonus Rate 

F i e l d  -ion 
C l a s s  1 2 3 4 5 6 7 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 - 

0.00 
0.00 
0.00 
0.00 
0.00 - 

0.00 0.00 
0.00 0.00 
0.00 - - - 

0.00 
0.00 
0.00 
0.00 
0.00 
0.31 
0.21 
0.16 
0.18 
0.15 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.25 
0.17 
0.23 
0.23 
0.00 - 

0.00 
0.00 
0.00 
0.00 
0.00 
0.26 
0.00 
0.00 
I 

F i e l d  m i o n  
Class 8 9 10 11 12 13 14 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 - 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.18 
0.27 
0.19 
0.00 
I 

0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.21 - 0.14 - 0.20 - 0.00 - - 

0.00 
0.00 
0.00 
0.00 
Q. 00 - 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.35 
0.24 
0.13 
0.12 
0.13 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
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Table E+-6. Fezrent Change in O i l  price by Fkgion and Field Class 
in Response to a 1% Increase in wuI;T - Well Ultimate Recovery 

Field 
ClaSS 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

Field 
class 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

_ _  

Region 
1 2 3 4 5 6 7 

-0.34 -0.42 -0.68 -0.92 
-0.40 -0.50 -0.83 -1.20 
-0.54 -0.68 -1.30 
-0.76 -1.00 - - 
-1.02 -1.52 - - 
-1.97 - - - - - - 

-0.13 
-0.16 
-0.19 
-0.23 
-0.25 
-0.30 
-0.32 
-0.49 
-0.85 
-1.00 
-1.40 

-0.16 
-0.19 
-0.23 
-0.26 
-0.28 
-0.33 
-8.34 
-0.92 
-1.08 
-1.27 - 

-0.09 
-0.11 
-0.13 
-0.14 
-0.32 
-0.20 
-0.31 
-0.52 - 

Region 
8 9 10 11 12 13 14 

-0.12 
-0.14 
-0.16 
-0.23 
-0.57 
-0.39 
-0.70 - 

-0.22 
-0.24 
-0.31 
-0.35 
-0.37 
-0.40 
-0.42 
-0.87 
-1.24 
-1.53 - 

-0.14 
-0.15 
-0.17 
-0.24 
-0.29 
-0.75 
-0.52 - 

-0.13 
-0.16 
-0.21 
-0.27 
-0.33 
-0.41 
-0.47 
-0.52 
-1.07 
-1.26 - 

-0.06 
-0.07 
-0.08 
-0.12 
-0.16 - 

-0.06 
-0.08 
-8.11 
-0.16 
-0.17 
-0.24 
-0.29 
-0.33 
-0.39 
-0.46 
-0.58 

-0.07 
-0.09 
-0 11 
-0.17 
-0.22 
-0.33 - 
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Table B-7. Percent Change in Oil Price by -ion and Field 
C l a s s  in Response to a 1% Increase in RECOIL - Field Size 

Field 
C l a s s  

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

Field 
Class 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

Region 
1 2 3 4 5 6 7 

-0.04 
-0.07 
-0.13 
-0.24 
-0.11 
-0.28 - - 

- - - 

-0.05 
-0.08 
-0.15 
-0.31 
-0.20 - - 

I - - - 

-0.08 -0.12 -0.07 
-0.14 -0.22 -0.10 
-0.30 - -0.12 - -0.16 - -0.15 - -0.19 - -0.31 - -0.19 - -0.51 - -0.77 

- -1.58 

- - 
- - - - 
c - 

-0.09 
-0.12 
-0.14 
-0.18 
-0.18 
-0.21 
-0.33 
-0.37 
-0.65 
-0.99 - 

-0.18 
-0.22 
-0.28 
-0.41 
-0.17 
-0.43 
-1.02 
-2.30 - - - 

Region 
8 9 10 11 12 13 14 

-0.25 
-0.30 
-0.36 
-0.70 
-0.29 
-0.86 
-2.30 - 

- 
- 

-0.13 
-0.15 
-0.16 
-0.20 
-0.19 
-0.25 
-0.31 
-0.67 
-0.45 
-0.84 

-0.28 -0.08 
-0.32 -0.10 
-0.41 -0.13 
-0.66 -0.19 
-0.74 -0.11 
-0.41 -0.14 
-1.40 -0.18 - -0.23 - -0.58 - -1.06 - - 

-0.18 
-0.28 
-0.42 
-0.82 
-1.11 

I - - 
- 
- 

-0.04 
-0.06 
-0.05 
-0.09 
-0.06 
-0.10 
-0.17 
-0.27 
-0.37 
-0.98 
-1 (. 78 

-0.19 
-0.29 
-0.43 
-0.55 
-0.75 
-1.42 - 

- 
- 
... 
- 
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Table I3-8. €+2rcent Change in O i l  price by Region arrd Field Class 
in Response to a 1% Inmease in - O i l  Production Profile 

I--- 

Field 
Class 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

Field 
ClaSS 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

Region 
1 2 3 4 5 6 7 

-0.30 
-0.36 
-0.48 
-0.67 
-0.91 
-1.77 - - - - - 

-0.37 
-0.44 
-0.60 
-0.89 
-1.35 - 

I 

I - - - 

-0.12 
-0.15 
-0.18 
-0.22 
-0.24 
-0 . 29 
-0.31 
-0.47 
-0.82 
-0.96 
-1.34 

-0.15 
-0.18 
-0.22 
-0.25 
-0.27 
-0.32 
-0.33 
-0.88 
-1.04 
-1.22 - 

-0.0% 
-0.10 
-0.11 
-0.12 
-0.31 
-0.18 
-0.29 
-0.47 - - - 

Region 
8 9 10 11 12 13 14 

-0.11 
-0.13 
-0.15 
-0.21 
-0.54 
-0.36 
-0.64 - - - - 

-0.21 
-0.23 
-0.29 
-0.33 
-0.35 
-0.38 
-0.40 
-0.83 
-1.19 
-1.47 - 

-0.12 
-0.13 
-0.15 
-0.22 
-0.26 
-0.71 
-0.47 - 

- - 

-0.12 
-0.15 
-0.19 
-0.25 
-0.31 
-0.39 
-0.45 
-0.50 
-1.02 
-1.21 - 

-0.05 
-0.06 
-0.07 
-0.11 
-0.14 - - - - - - 

-0.06 
-0.87 
-0.11 
-0.15 
-0.17 
-0.23 
-0.28 
-0.32 
-0.37 
-0.44 
-0.56 

-0.06 
-0.08 
-0.09 
-0.14 
-0.19 
-0.28 - - - - - 
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Field 
C l a s s  

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

Field 
Class 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

1 

0.15 
0.17 
0.20 
0.26 
0.31 
0.54 
I - - - - 

8 

0.19 
0.19 
0.19 
0.27 
0.28 
0.34 
0.68 
I - - - 

2 

0.17 
0.19 
0.23 
0.32 
0.44 - - 

- - - - 

9 

0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.39 
0.41 
0.53 - 

ion 
3 

0.24 
0.28 
0.40 - 

- 
... 
- - - 
- 
- 

Region 
10 11 

0.20 0.20 
0.20 0.20 
0.20 0.20 
0.27 0.20 
0.29 0.20 
0-32 0.20 
0-45 0.20 - 0-20 

- 0.41 - 0.52 - - 

5 

0.18 
8.18 
0.19 
0.19 
0.19 
0.19 
0.19 
0.19 
0.34 
0.41 
0.65 

12 

0.20 
0.20 
0.20 
0.28 
0.34 ... 

.... - 
I - 
I 

6 

0.19 
0.19 
0.19 
0.19 
0.19 
0.19 
0.19 
0.35 
0.44 
0.52 - 

13 

0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.34 
0.52 

7 

8.29 
0.19 
0.19 
0.13 
0.19 
0.19 
0.34 
0.62 - - 

14 

0.20 
0.20 
0.20 
0.25 
0.29 
0.42 ... - - 

- 
- 
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Table I3-10. Percent Uxmge in O i l  Price by Region and Field 
Class in Response to a 1% Increase in - W a t e r  Depth 

- 

Field 
Class 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

F i e l d  
Class 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

Region 
1 2 3 4 5 6 7 

0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 - - - - - - c - - - - 

0.03 
0.04 
0.05 
0.07 
0.05 
0.06 
0.10 
0.09 
0.19 
0.26 
0.48 

0.04 
0.05 
0.06 
0.08 
0.06 
0.07 
0.11 
0.17 
0.24 
0.34 - 

0.24 
0.30 
0.36 
0.54 
0.44 
0.63 
1.47 
3.35 - - - 

Region 
8 9 10 11 12 13 14 

0.33 
0.40 
0.47 
0.92 
0.78 
1.26 
3.32 - - 

- 

0.04 
0.05 
0.06 
0.08 
0.07 
0.08 
0.10 
0.22 
0.20 
0.31 

0.38 
0.44 
0.57 
0.91 
1.04 
1.09 
2.00 - - - - 

0.04 
0.05 
0.07 
0.11 
0.07 
0.09 
0.11 
0.15 
0.36 
0.58 - 

0.15 
0.22 
0.34 
0.65 
0.85 - - - 
I - - 

0.02 
0.04 
0.04 
0.08 
0.04 
0.07 
0.10 
0.15 
0.20 
0.44 
0.79 

0.16 
0.23 
0.35 
0.45 
0.60 
1.12 - - - - 
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Field 
Class 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

Field 
Class 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

1 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 - - - - - 

8 

0.05 
0.06 
0.07 
0.10 
0.14 
0.18 
0.36 - - 

- 

2 

0.00 
0.00 
0.00 
0.00 
0.00 - - - - - - 

9 

0.16 
0.18 
0.21 
0.24 
0.25 
0.28 
0.31 
0.66 
0.81 
1.09 
I 

Region 
4 5 6 7 

Region 
10 11 

0.08 0,14 
0.08 0.18 
0.09 0.23 
0.14 0.29 
0.17 0.34 
0.24 0.43 
0.34 0.49 - 0.53 - 1.09 - 1.40 - - 

0.04 
0.06 
0.07 
0.08 
0.09 
0.12 
0.13 
0.17 
0.31 
0.36 
0.55 

12 

0.08 
0*09 
0.11 
0.17 
0.21 

0.05 
0.07 
0.08 
0.10 
0.11 
0.13 
0.14 
0.31 
0.40 
0.47 - 

13 

0.06 
0.08 
0.10 
0.14 
0.17 
0.22 
0.29 
0.36 
0.44 
0.71 
1.04 

0.04 
0.04 
0.05 
0-06 
0.08 
0.09 
0.16 
0.26 - - - 

14 

0.09 
0.12 
0.13 
0-23 
0.30 
0,44 - 

.". 
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Table €3-12. Fercerit Change h O i l  FTice by -ion and Field 
C l a s s  in Response to a 1% Increase in API - crude O i l  G r a v i t y  

Field Region 
Class 1 2 3 4 5 6 7 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

-0.33 -0.35 
-0.35 4.37 
-0.38 -0.42 
-0.45 -0.53 
-0.50 -0.68 
-0.81 - - - 

-0.42 
-0.47 
-0.62 - 

-0.50 
-0.59 

-0.20 
-0.20 
-0.20 
-0.20 
-0.20 
-0.13 
-0.15 
-0.16 
-0.31 
-0.39 
-0.67 

-0.20 
-0.20 
-0.20 
-0.20 
-0.20 
-0.14 
-0.16 
-0.30 
-0.39 
-0.52 

-0.19 
-0.19 
-0.19 
-0.19 
-0.19 
-0.13 
-0.34 
-0.61 - 

Field Region 
Class 8 9 10 11 12 13 14 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

-0.20 
-0.20 
-0.20 
-0.28 
-0.29 
-0.35 
-0.70 

-0.12 
-0.12 
-0.12 
-0.12 
-0.12 
-0.12 
-0.10 
-0.20 
-0.22 
-0.32 - 

-0.12 -0.13 
-0.12 -0.13 
-0.12 4.13 
-0.16 -0.13 
-0.17 -0.13 
-0.19 -0.13 
-0.26 -0.10 - -0.11 - -0.23 - -0.33 - - 

-0.13 
-0.13 
-0.13 
-0.18 
-0.22 - 

-0.13 
-0.13 
-0.13 
-0.13 
-0.13 
-0.13 
-0.08 
-0.10 
-0.11 
-0.20 
-0.32 

-0 .) 13 
-0.13 
-0.13 
-0.16 
-0.19 
-0.27 - 
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Table B-13. Eercent Change in O i l  Price by Region and Field 
class in Response to a 1% lhaease in COPI#> - m c i n g  well Cost 

...._.I__ - . ~ - l l l  

Field 
Class 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

Field 
Class 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

1 

0.10 
0.12 
0.16 
0.23 
0.29 
0.57 - - - - - 

8 

0.08 
0.09 
0.11 
0.15 
0.21 
0.26 
0.48 - - - - 

2 

0.12 
0.15 
0.20 
0.29 
0.44 - - - - - - 

9 

0.16 
0.18 
0.21 
0.24 
0.26 
0.28 
0.31 
0.64 
0.75 
0.97 - 

Region 
5 

0.08 
0.10 
0.12 
0.14 
0.16 
0.20 
0.22 
0.27 
0.49 
0.53 
0.76 

6 

0.09 
0.12 
0.14 
0.17 
0.18 
0.22 
0.24 
0.51 
0.62 
0.69 - 

7 

0.06 
0.07 
0.08 
0.09 
0.12 
0.13 
0.22 
0.33 - - - 

Wion 
10 11 12 13 14 

0.10 
0.11 
0.12 
0.17 
0.21 
0.28 
0.38 

0.10 0.04 
0.13 0.05 
0.16 0.06 
0.20 0.09 
0.24 0.11 
0.29 - 
0.33 - 
0.34 .." 
0.66 - 
0.79 - - 

0.04 
0.05 
0.07 
0.09 
0.11 
0.14 
0.17 
0.20 
0.24 
0.33 
0.42 

0.06 
0.07 
0.08 
0.13 
0.17 
0.25 - 
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Table B-14. Fercent Qlange in O i l  Price by -ion and Field 
Class in ~esponse to a 1% Imrease in PUfKO - Platform C o s t  

Field 
Class 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

Field 
Class 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

1 

0.10 
0.11 
0.15 
0.21 
0.27 
0.52 - - - 

... - 

a 
0.20 
0.23 
0.26 
0.52 
0.46 
0.73 
1.94 - 
I 

- - 

2 

0.12 
0.14 
0.19 
0.28 
0.43 - 

I - - - - 

9 

0.07 
0.07 
0.09 
0.11 
0.11 
0.14 
0.17 
0.35 
0.30 
0.45 

Region 

Region 
10 11 

0.22 0.04 
0.26 0.05 
0.33 0.06 
0.52 0.09 
0.63 0.07 
0.64 0.09 
1.16 0.12 - 0.14 - 0.35 - 0.55 ... - 

5 

0.04 
0.05 
0.06 
0.07 
0.09 
0.11 
0.17 
0.14 
0.30 
0.41 
0.74 

12 

0.13 
0.20 
0.30 
0.57 
0.97 
I - 
- - - 

6 

0.05 
0.06 
0.07 
0.09 
0.10 
0.12 
0.18 
0.26 
0.38 
0.53 - 

13 

0.02 
0.03 
0.02 
0.03 
0.04 
0.06 
0.10 
0.14 
0.18 
0.41 
0.74 

7 

0.14 
0.17 
0.20 
0.31 
0.26 
0.36 
0.86 
1.97 - - 

1 

14 

0.14 
0.22 
0.33 
0.39 
0.64 
1.23 - - - - - 
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Table B-15. Rircent Change in O i l  Price by Region and Field 
C l a s s  in R e s p o n s e  t0 a 1% Increase in DWUF - Depreciation Life 

Field 
ClaSS 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

Field 
C l a s s  

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

1 

0.11 
0.13 
0.17 
0.24 
0.26 
0.44 - - 

- - - 

8 

0.12 
0.15 
0.17 
0.32 
0.30 
0.43 
1.01 - - 

- - 

2 

0.13 
0.16 
0.21 
0.32 
0.39 - - - - - - 

9 

0.08 
0.09 
0.11 
0.12 
0.15 
0.16 
0.17 
0.34 
0.34 
0.45 - 

Region 
3 4 5 5 7 

0.21 0.29 
0.26 0.37 
0.40 - - - 

0.05 
0.06 
0.08 
0.10 
0.14 
0.15 
0.17 
0.17 
0.31 
0.36 
0.58 

0.06 
0.08 
0.09 
0. 11 
0.15 
0.16 
0.1% 
0.32 
0.39 
0.47 - 

0.09 
0.11 
0.13 
0.19 
0.17 
0.21 
0.45 
0.95 - 

- - 

Region 
10 11 12 13 14 

0.13 
0.15 
0.19 
0.29 
0.34 
0.37 
0.61 - 
I 

- - 

0.05 
0.06 
0.08 
0.11 
0.13 
0.15 
0.16 
0-17 
0.35 
0.46 

0.08 
0.12 
0.18 
0.34 
0.49 
I - 
- - - 

0.03 0.09 
0.04 0.12 
0.04 0.18 
0.07 0.24 
0.11 0.34 
0.12 0.60 
0.14 - 
0.16 - 
0.27 - 
0.30 - 
0.47 ..- 
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Table l3-16. percent Change in O i l  Price by Region am3 Field 
class in Response to a 1% Increase in - Transportation Cost 

Field 
Class 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

Field 
C l a s s  

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

0. 
0. 
0. 
0. 
0. 
0. 

Region 
1 2 3 4 5 6 7 

74 0.72 
73 0.72 
71 0.71 
72 0.75 
75 0.85 
95 L 

- - 

0.70 
0.71 
0.80 - 

0.72 
0.78 - - 

0.08 
0.08 
0.07 
0.06 
0.05 
0.04 
0.03 
0.03 
0.04 
0.04 
0.04 

0.07 
0.06 
Q.06 
0.05 

0.03 
0.02 
0.04 
0.04 
0.04 

a.04 

0.05 
0.04 
0.04 
0.03 
0.03 
0.02 
0.03 
0.04 - 

Region 
8 9 10 11 12 13 14 

0.04 
0.04 
0.03 
0.03 
0.03 
0.03 
0.04 - 

0.01 
0.01 
0.01 
0.01 
0.01 
0.00 
0.00 
0.01 
0.00 
0.00 - 

0.01 
0.01 
0.00 
0.00 
0.00 
0.00 
0.00 - 

0.01 
0.01 
0.01 
0.01 
0.01 
0.00 
0.00 
0.00 
0.01 
0.01 - 

0.01 
0.01 
0.00 
0.00 
0.00 - 

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.00 
0.01 
0.01 

0.01 
0.01 
0.00 
0.00 
0.00 
0.00 - 
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Table €3-17. F'eramt Ckange in O i l  €?rice by Region and Field Class 
in Response to a 1% Increase in YPIEOD - Qrude O i l  production 

-.........I__ ........ . . __l_...-ll_ 

Field 
C l a s s  

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

Field 
C l a s s  

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

)zagion 
1 2 3 4 5 6 '7 

-0.51 
-0.60 
-0.79 
-1.12 
-1.38 
-2.58 - - - - - 

-0.62 
-0.73 
-0.98 
-1.47 
-2.08 - - - - - 

I 

-0.32 
-0.36 
-0.41 
-0.47 
-0.55 
-0.62 
-0.72 
-0.76 
-1.44 
-1.80 
-2 " 95 

-0.38 
-0.43 
-0.47 
-0.53 
-0.61 
-0.67 
-0.75 
-1.40 
-1.80 
-2.27 

z 

-0.35 
-0.40 
-0.45 
-0.57 
-0.56 
-0.66 
-1.31 
-2.67 

1 

- 
- 

Region 
8 9 1Q 11 12 13 14 

-0.47 
-0.52 
-0.59 
-0.98 
-1.00 
-1.37 
-3.07 - - - - 

-0.45 
-0.48 
-0.54 
-0.60 
-0.64 
-0.69 
-0.75 
-1.54 
-1.66 
-2.26 - 

-0.47 
-0.51 
-0 e 59 
-0.88 
-1.02 
-1.14 
-1.81 - - - - 

-0.36 
-0.40 
-0.45 
-0,54 
-0.58 
-0.65 
-0.73 
-0.79 
-1.68 
-2.27 - 

-0.35 
-0.44 
-0 * 56 
-0.96 
-1.33 - 

- 
- 
".7 

- - 

-0.25 
-0.29 
-0.30 
-0.37 
-0.46 
-0.53 
-0.62 
-0.72 
-0.81 
-1 46 
-2.31 

-0.35 
-0.44 
-0.57 
-0.75 
-1.02 
-1.73 - 

- - 
1 

- 
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Table E3-18. Percent Change in O i l  price by Region and Field C l a s s  
in Response to a 1% Increase in TANG - Capitalized (Tangible) Investment 

Field 
Class 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

F i e l d  
C l a s s  

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

1 

0.23 
0.26 
0.35 
0.50 
0.54 
0.90 
I - 
- 
... 

8 

0.25 
0.30 
0.35 
0.65 
0.63 
0.88 
2.09 - - - 

- 

2 

0.28 
0.32 
0.43 
0.65 
0.82 - - - - - - 

9 

0.17 
0.19 
0.22 
0.26 
0.31 
0.33 
0.36 
0.71 
0.70 
0.93 
I 

m i o n  

Region 
10 11 

0.27 0.12 
0.31 0.13 
0.38 0.17 
0.61 0.24 
0.71 0.28 
0.76 0.30 
1.26 0.33 - 0.35 

- 0.72 - 0.95 

5 

0.11 
0.13 
0.16 
0.20 
0.28 
0.31 
0.36 
0.35 
0.64 
0.75 
1.19 

12 

0.17 
0.25 
0.37 
0.71 
1.00 - 

- 

6 

0.13 
0.16 
0.19 
0.23 
0.32 
0.34 
0.38 
0.66 
0.81 
0.97 ... 

13 

0.05 
0.08 
0.09 
0.14 
0.23 
0-25 
0.29 
0.32 
0-35 
0.62 
0.97 

7 

0.18 
0,22 
0.27 
0.38 
0.36 
0.44 
0.93 
1.97 - - - 

14 

0.18 
0e26 
0.37 
0.50 
0.70 
1.24 - 
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Table €3-19. FQrcent Ctmrqe in O i l  Price by Region and Field Class 
Response t0 a 1% Increase in INTANG - Expensea (Intangible) Investment 

-.- lll_ I__ ---__I_.. __ - 

Field 
Class 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

Field 
Class 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

1 

0.14 
0.17 
0.23 
0.34 
0.45 
0.94 - - - - - 

8 

0.10 
0.12 
0.13 
0.21 
0.26 
0.35 
0.76 - - - - 

2 

0.17 
0.20 
0.28 
0.43 
0.70 - - - 

- - 

9 

0.14 
0.16 
0.19 
0.22 
0.24 
0.27 
0.30 
0.64 
0.78 
1.08 - 

Region 
3 

0.27 
0.35 
0.57 

- - - - - 
I - 

Region 
10 11 

0.12 0.09 
0.13 0.11 
0.15 0.15 
0.22 0.19 
0.28 0.22 
0.36 0.27 
0.55 0.32 - 0.35 - 0.74 - 0.98 - - 

5 

0.07 
0.09 
0.11 
0.13 
0.15 
0.19 
0.23 
0.28 
0.54 
0.66 
1.06 

12 

0.06 
0.08 
0.11 
0.18 
0.26 ..- 

6 7 

0.09 0.07 
0.11 0.09 
0.13 0.10 
0.15 0.12 
0.17 0.15 
0-21 0.18 
0.24 0.34 
0.52 0.64 
0.69 - 
0.85 - - 

13 14 

0.04 0.08 
0.05 0.10 
0.06 0.13 
0.09 0.19 
0.11 0.27 
0.15 0.44 
0.20 - 
0.25 - 
0.31 - 
0.54 - 
0.83 - 
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Table €3-20. PeK-Rnt Change in O i l  Wice by Region and F i e l d  Class 
in €&spnse to a 1% Im=rease in plR(3HG - Inflatim Factor in ANEIW 

F i e l d  
C l a s s  

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

F i e l d  
class 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

-ion 
1 2 3 4 5 6 7 

0.11 0.17 0.47 0.82 
0.16 0.25 0.68 1.25 
0.29 0.46 1.37 - 
0.58 0.93 
0.82 1.62 
2.18 

- - - - 
- - - - - - - 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.04 
0.42 
1.84 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.02 
0.45 
1.17 - 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.34 
1.71 - 

Region 
8 9 10 11 12 13 14 

0.00 0.00 
0.00 0.00 
0.00 0.00 
0.04 0.00 
0.08 0.00 
0.33 0.00 
2.01 0.00 - 0.16 - 0.36 - 1.20 - - 

0.00 
0.00 
0.00 
0.02 
0.11 
0.23 
0.85 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.30 
1.14 - 

0.00 
0.00 
0.00 
0.06 
0.32 

- - 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.03 
0.95 

0.00 
0.00 
0.00 
0.00 
0.12 
0.70 

.-....... 
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A potentially impartant issue is the requind to prate 

energy - the net energy issue. AS the E i n i t e  res~urce of petroleum is 

extracted frcxn the l of oil  

could inrreaSe to the point where mre oil was cmnsumd tkan pr&&. 

If there are no subsidies, the economical limit to oil extraction 

should be reachd &fore the net entlrgy l m t  is reached. To insure 

that there are no o i l  production subsidies, the replacement: cost 

calculation should have a net energy correction; the o i l  consumed 

should have the sams price as the oil prduc€d. Although OFUON has a 

net energy correction, in this appendix we will argue t h a t  the 

mrrection is tcK, large. 

the oi l  rn- to extract a 

In ORION, the  present value calculation is performed in t h e  

subroutine XNETPV. In AbIE!IW, all investment and operating costs are 

inflated by the  net energy factor - PRCHG. PRCHG is zero if t h e  

replacement cost is less than $30 and is the price change relative to 

$30 othwise,  that. is, 

PFCHG == MAX [(PRIG3 - $30)/$30 , 01, 

where &%?la is the replacemnt cast. 

The source of the inflation factom is d-M in the recent 

National Petroleum Council report on Enhanced O i l  Recovery ( see 

Appendix C of the EOR report). In t he i r  report,, the M P C  plotted. 

his tor ical  data on the costs fo r  drilling, equipment and general 

operation against the o i l  price and determined the follawing b f h t i ~ n  

factors: 0.4 for drilling, 0.3 f o r  equipment, 0.2 for general 

opera t ion ,  and 1.8 far fuel. Inspired by the NPC report, the 

inflation factors in 0RXT)IN are: 0.35 for invsmt, 0.2 for labor and 
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materials, 0.3 for  water, 1.0 for fuel and power, and 0.5 for oil 

transportation. 

Unfortunately, the NPC study neglected a fimbrmtal e c o n d c  

principle: correlation is not  causation. In  the  l a s t  decade, the 

pr ice  of o i l  increasd but a t  the same t i m e  the cost of labor and all 

goods and services prcduced by the ec~nomy increased. Estimating the 

i n f l a t i o n a r y  impact of oil p r i c e  increases cannot be done by 

corelation. The proper way is t o  e s t i m a t e  how much crude o i l  is 

required (d i rec t ly  o r  indirectly) t o  produce the goods and services 

required to prcduce oil .  

Consider the factor  1.0 for  fuel and power. To simplify the 

analysis, w e  w i l l  assume that fuel and pawer is leaded gasoline. The 

price of gasoline is not the  same as the price of crude o i l  at the 

wellhead. I?mn the wellhead, crude o i l  is shipped t o  a refinery.  

From t h e  r e f i n e r y ,  gaso l ine  is shiped t o  a gas stat ion.  The 

differene between the price of gasoline and the wellhead price of 

crude oil  includes the value added at the refinery, the transportation 

and track margins, and the taxes. In 1984, the average wellhead price 

w a s  $25.87 per barrel  and the average gasoline price was $1.13 p r  

gallon or $47.41 per barrel. Thus, the wellhead pr ice  of crude o i l  

was 55% of the delivered price of gasoline. W e  have neglected the 

indkect amsumption of crude o i l ;  some crude o i l  was required t o  

transport the o i l  f r o m  the wellhead t o  the gas station. Since the 

crude o i l  embodied in power (electr ic i ty)  is probably much less than 

55% of the cost ,  w e  have probably overestimated the inflation factor 

for fuel and power. 
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W e  w i l l  use input-output analysis t o  estimate the in f la t ion  

factors for investment and operating costs. Every f ive  years, the 

Bureau of Economic Analysis (BEA) of the  Department of Commerce 

prepares a benchmark input-output table fo r  the United States. The 

two most recent tables are fo r  1972 and 1977; the 1977 table was 

phl i shed  in 1984.  To prepare the table ,  the  goods and services 

produced by the economy are assigned t o  537 sectors and the BEA 

estimates a 537 by 537 matrix of i.ntx?rincIustry transactions. 

To estimate inf la t ion  factors  for crude o i l  production, the 

relevent sectors are: 

8.0000 

11.0601 

crude O i l  and Natural G a s .  

New Oil ard Gas W e l l  Dr i l l i .XJ .  

12.0215 Mainmce of O i l  and G a s  Wells. 

31.0101 F%&roleum =fining. 

45.0300 Oil Field madhinery. 

65.0400 Water Transportation. 

65.0600 Pipe1i.m Tlransportaion. 

68.0301 Water Supply systems. 

me crude o i l  sector (8.0000) produces crude o i l  and includes the 

costs of fuel., power, labor, materials, water, and returns to capital, 

The new w e l l  drilling (11.0601) and mah- (12.0215) Secrtors are 

the investsnent costs. The petroleum refining sector produces gasoline 

and other refined products. 

w e l l s .  Although mst domestic oil transportation is by pipeline, oil 

O i l  field machinery is used t o  drill 

from Alaska requires ships for part of the tr ip.  

major ccrmponent of the operating costs. 

W a t e r  supply is a 
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One of t he  byproducts of an input-output table is the t o t a l  

reqairements table, which displays the detailed inputs af goods and 

services required d i r e c t l y  or hfikect ay t o  p3?odLlce @a& of me 537 

commodities. Thus, the total requirements table displays the t o t a l  

amount of crude o i l  rewired d i r e c t l y  or  indirectly t o  produse any 

gccd or service. Hence, the in f l a t ion  fac tors  f o r  investment and 

o p e r a t i n g  casts t o  produce crude oil can be found i n  the t o t a l  

r€quirement;s table. 

The input-output tables wese prepared in 1972 and 1977 when the 

crude o i l  p r i ces  were subs tan t ia l ly  lower than now (although the 

d i f f e r e n c e  is r a p i d l y  becoming smaller). I n  1972 do l l a r s ,  the 

wellhead price of crude o i l  was $3.39 i n  1972,  $6.12 i n  1977, and 

$12.16 in 1983. To adjust the inflation factors for the change in  o i l  

price, we w i l l  multiply the 1972 factars by 4.0 and multiply the 1977 

factors by 2.0; the results are displayed i n  Table C-1. 

In Table (2-2, the inflation factors derived from the 1-0 tables 

are CcBIpMTed to  the factors used in ORION. Far investmmt, the 

Table C-1. Inflation Factors Derived frm the Ifyxrt-Output 
Tables compared to the Factors used in ORIm. 

Units - Dimensionless 
CateFIOry 1972 1977 

1-0 Table 1-0 Table 

mesmt 
NeW 0.082 0.069 
Maintx2mnce 0.066 0.056 

Operations 
Average 0.035 0.024 
Machirlery 0.032 0.038 
Water 0.070 0.120 

Transportat ion 
Water 0.132 0.128 
Pipeline 0.152 0.125 

ORION 

0.35 
0.35 

0.20 

0.30 
- 

0.50 
0.50 
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inflation factor used in ORION appears to be hi% by a factor of five; 

that is, 0.35 versus 0.07. For labor and materials, the inflation 

factor used in CWIoN zippars to be high by a factor of eight; that is, 

0.20 versus 0.024. For w a t e r ,  the agreement is wi- a f ador  of 

three (0.30 versus 0.12). For transportation, ORION a m  high by a 

factor of four (0.50 versus 0.13). In general, the inflation fackors 

used in ORION a- to be much too 1-e. 

T o  i l l u s t r a t e  the  impact of PRCHG, w e  w i l l  ca lculate  the 

replacement costs for the onshore and offshore components of ORION 

without using PRCHG. The recalculated values for the onshore lnodel 

a re  displayed i n  Table C-2. Since PRCHG has no impact when the  

replacement cost is less than $30, tbe values in Table C-2 that are 

less than $30 are identical to  the replacxment costs in Table 1 of the 

main report. The most striking feature of Table C-2 is that none of 

the values are equal t o  $199.99; the highest replacement ccs t  is $127. 

For the W e s t  C o a s t ,  the cost for the seventh resou~~e interval drups 

frcan $199.99 to  the more marketable value of $68. 

Table C-2. Ftfqlaoanent Cost of Onshore C r u d e  O i l  by Reqion 
and &source Interval Without U s i n g  pRcHG 

Resource 
Interval 1 

1 18.34 
2 20.85 
3 24.68 
4 31.09 
5 38.75 
6 47.39 
7 68.03 

2 

21.73 
24.49 
27.75 
33.20 
42.22 
52.14 
72.43 

- $1983 per mrrel 
Region 

3 4 5 

21.80 41.68 16.58 
24.30 47.71 18.74 
27.30 49.26 21.16 
31.83 59.38 25.16 
35.10 75.60 30.94 
44.75 97.38 35.74 
60.49 126.95 47.77 

6 

18.83 
21.07 
23.96 
26.15 
33.70 
43.87 
58.00 



e- 8 

The hpact of PRCHG on the offshore replacement cost is displayed 

Table C-3. The of for the offshore calculation is not 

as dramatic as for the onshore case. However, the r e p l a c m t  msts 

are significantly lawer in Table C-3. In Table 3 of the. m i n  report, 

only two of the 14 replacement costs for field class 10 w e  less than 

$199.99. In  Table C-3, five of the 14 are less than $199.99. For 

region 5 and field class 10, the replaament cost drops from $146 to 

$63; a significant decrease. 

units - $1983 per Barrel 

Field 
Class 

20 
19 
18 
17 
16 
15 
1 4  
13 
12 
11 
10 

Field 
Class 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

R3Ji0n 
1 2 3 4 5 6 7 

35.13 38.27 48.4'7 56.50 9.80 
37.60 41.01 53.14 62.70 10.51 
42.45 47.00 63.30 72.50 11.48 
49.97 56.34 78.96 91.96 12.82 
54.03 64.39 88.47 104.23 15.69 
67.97 79.03 123.98 147.77 17.47 
87.11 108.70 158.88 199.99 22.01 

115.85 138.50 199.99 199.99 23.64 
161.41 199.99 199.99 199.99 31.31 
199.99 199.99 199.99 199.99 41.95 
199.99 199.99 199.99 199.99 62.62 

11 " 00 
11.97 
13.30 
15.14 
19.10 
21.74 
28.26 
30.90 
42.80 
57.41 
85.34 

15.56 
17 e 08 
19 e 24 
23.36 
25.21 
29 - 54 
45.15 
66.41 

213.73 
199.99 
199.99 

Region 
8 9 10 11 12 13 14 

18.82 
21.38 
25.03 
32 69 
35.11 
44.53 
69.48 

106 e 03 
185.92 
199.99 
199 * 99 

11.57 19.07 
12.40 21.16 
12.97 24.22 
15.47 31.05 
18.52 36.41 
23.18 42.10 
28.4'7 57.04 
35.44 85.17 
41.19 135.60 
58.84 199.99 
76.07 199.99 

10.54 21.57 
11.38 21.00 
12.69 25.22 
14.28 33.96 
19.75 44.29 
22.91 74.26 
25.86 121.57 
29.93 199.99 
39.06 199.99 
57.10 199.99 
85.72 199.99 

7.89 19.45 
7.50 20-93 
8-56 25.37 
8.63 30.18 

10.20 37.70 
10.76 54.63 

15.08 147.53 
21.98 199.99 
31.11 199.99 
50.72 1.99.99 

12.29 83.94 
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