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ENHANCED OIL RECOVERY: THE IMPACT OF
POLICY OPTIONS

With the advent of a new technology like enhanced o0il recovery, two
interactive factors often inhibit output expansion. First, even with
information about prices, costs. and production, careful analysis may indicate
that initiation of production will not be profitable for early producers.
Price factors may be unfavorable or sufficlent experience may not have been
gained to reduce costs or make production efficient enough to produce an
adequate return on invested capital., Second, as in any market situation, the
value of numerous variables affecting profitability may be uncertain (now and
in the future). In the case of enhanced oil recovery, this factor, coupled
with some degree of risk aversion by potential operators, can have a major
impact on the speed and degree of process development.

Proposed public policy alternatives are, in reality, attempts to reduce
or eliminate these factors in the private decision process and thereby modify
the private market solution in hopes of achieving a desired social objective.
Since these two factors are obviously interdependent, they enter into both
the private and social analysis of a relatively new technology such as
enhanced oil recovery. For purposes of the analysis to be carried out here,
however, the artifical distinction will be maintained. We first evaluate
enhanced recovery processes under the assumption of information certainty;
using forecasts of production, price and cost profiles for selected reservoirs.
Alternative public policy options, designed to foster private sector develop-
ment, will be evaluated under this assumption. Then, a second analysis, using
subjective probability distributions of key input variables, will be carried
out in an effort to ascertain the impact of these and other policy alternatives
designed for situations of uncertainty.

Policy options

A number of public policy alternatives are available or have been suggested
which could influence the development of production from enhanced oil recovery
techniques. Many of these alternatives may impact the criteria used by the
private sector in making decisions on whether to develop specific reservoirs
for enhanced o0il recovery or modify decisions with respect to the optimal
process to be installed. The latter can, in turn, affect the amount and
distribution of potential enhanced oil production. These and other policy
options may also affect constraints which would limit the overall size of
enhanced oil recovery production nationally. Regardless of their specific
focus, most public policy changes can also be expected to influence the degree
of uncertainty perceived hy the private sector in future enhanced oil recovery
activities.



We will a2nalyze and evaluate 2 number of these potential public policy
actions., The principal proposals can be classified as:

1. - Alternative regulated and/or market price levels;

2. Price and/or purchase guarantees for enhanced oil production over the
lifetime of a producing facility;

3. Alternative taxation policies including considerations such as depre-
ciation methods, investment tax credit rates, and expensing rules for various
categories of investment and operating costs; and

4, Public investment subsidies or direct payment by the government of a
percentage of private investment costs.

In addition, all of these alternative strategies can be evaluated for
their effects under alternmative leasing systems when the reservoirs being
considered are located on the public domain. For analytical purposes, we
will examine the various optlons in conjunction with several bidding systems,
including the current system and others that could be used, for public domain
leasing in the future. These bidding systems include:

1. The current cash bonus system;
2, Royalty systems plus fixed bonus; and
3. Profit share systems plus fixed bonus.

Five alternative price situations were analyzed. First, the current
regulated price for new oil (the upper tier price) of $11.62 per barrel was
simulated. Second, the average price was assumed to remain at approximately
the current value of foreign erude oil landed in the eastern United States
(813,75 per barrel). Third, a price approaching the cost of alternative
synthetic fuels ($22.00 per barrel) was assumed (Synfuels Interagency Task
Force). Fourth, an intermediate price of $17.00 per barrel was tested.
Finally, for the analysis of information uncertainty, an annual price iIncrease
of five percent from a $13.75 per barrel base was compared with the results
from a uniform $13.75 price level.

Yor each enhanced oil recovery process, base line evaluations were carried
out using these alternative price levels and currently permitted tax procedures
(including the 10 percent investment tax credit, expensing of injection
chemicals and unit of production depreciation). Then, the following policy
alternatives were analvzed:

1. Price subsidies of §1.00 and $3.00 per barrel,

lAnother pelicy cption can alsc be considered for reservoirs located en
the public domain. That is, lease terms which mandate enhanced coil recovery
installations at a specific time in the preduction time horizon. Analysis of
this option, however, requires data not only on EOR cests and preductiom pro-
files but on the synergistic effects with primary and secondary production.
Since little experience is available on these elements, evaluation of the
option would be difficult.



2., Price guarantees of $13.75 per barrel,

3. Investment tax credit of 12 percent,

4, Capitalization and subsequent depreciation of injection chemical costs,

5. Use of an augmented accelerated depreciation method, and

6. Governmental investment subsidy of 15 percent of total investment cost.

Since several of these options (price subsidies and guarantees) are -
designed to reduce uncertainty, all options were not tested for situations
of both information certainty and uncertainty.

Alternative leasing systems for public domain lands tested with the various
options included the current cash bonus fixed royalty system, a cash bonus
system with a 40 percent fixed royalty and an annuity capital recovery profit
share system with a cash bonus bid. In the latter system, investment costs

are recovered over eight years _at 8 percent interest before the profit share
rate of 50 percent is applied.

Analytical approach

All reservoirs in a selected sample were tested using cost and production
profiles from research carried out for a recent Office of Technology Assessment
study of enhanced oil recovery (Office of Technology Assessment, 1977). The
profiles assumed relatively optimistic assumptions about the rate of techno-
logical advance in enhanced o0il recovery methods and are, thus, labeled the
High Process Performance case, Policy options having little impact on this
more optimistic situation could not be expected to influence EOR production
in other cases. As a check on these results, however, data from the OTA Low
Process Performance case (a more pessimistic technological case) were also
analyzed. Individual EOR processes were evaluated separately in light of the
baseline values and, then, in regard to the policy options discussed above,
Evaluations, under both the assumption of information certainty and uncer-
tainty, were carried out through the use of a Monte Carlo discounted cash
flow simulation model (Tyner and Kalter, 1976) modified to handle the EOR
decision process as viewed by the private sector.

20ther leasing systems have been suggested and could be evaluated. TFor
example, variable rate options for both rovalty and profit share systems may
be desirable alternmatives. However, those chosen appear to cover a range of
possible results {(Kalter, Tyrner and Lughes, 1975).

Reservoirs subject to more than one ECR process were not evaluated with
respect to the impact of policy options on each process or on process selection.
The impact of alternative price levels and decision criteria on process selec-
tion was discussed in a previous section but data were not available to carry
out a detailed analysis here. Since most policy options were analyzed at the
world oil price, this should not impact the results (process selection was
generally carried out at this price level).



Analysis of Government Policy Options

For purposes of policy analysis, a sample of up to fifty reservoirs
assigned to each EOR process (by geologic and engineering criteria) were
selected for initial evaluation. Separate samples for on- and off-shore
areas were drawn from reservoirs assigned to a given EOR process by the OTA
study. Sample selection was based upon a number of criteria, including
regional location, reservoir depth, residual (available for tertiary pro-
duction) barrels of oil per acre, reservoir size in acres and, in the case
of off-shore fields, water depth. For each EOR process evaluated, fields
covering a broad range of these characteristics were included. A total of
835 reservoirs, representing over 52 percent of the remaining oil in place
in the United States, made up the universe for the OTA study.

After reviewing the range of values taken on by the various selection
criteria, it was decided that a sample of twenty-five reservoirs for each
EOR process would be adequate to cover the circumstances affecting economical
development and provide an appropriate test of the various policy options.
The only exception to a sample number of twenty-five was the case of on-shore
co, where substantial EOR production is expected. Table 1 displays the
number of reservoirs assigned to each process, the number selected for the
sample and the percentage of the available universe sampled. Appendix A
lists the reservoirs in the overall sample and their various characteristics.

. Table l.--Number and Percent of Reservoirs Sampled by EOR Process

Process On-Shore \\\\Off~Shore*

Steam In Situ Surfactant Polymer €Oy CO2

%

Total Reservoirs

Assigned 20 20 - 92 20 190 294
Sample Size 20 20 25 20 50 25
Percent Sampled 100 100 27 100 26 9

* . ]
A1l reservoirs located off-shore had been assigned to the COy recovery
process.

Analysis assuming information certainty

Given the sample selection, the first step in the analysis was to test
the potential for profitable EOR development at various price levels under
conditions of information certainty. Using production profiles, investment
costs (and timing) and operating costs developed for the High Process Per~
formance case, these tests were conducted under the assumptions that private
industry would require a L0 percent rate of return on invested capital and
that currently permitted tax procedures (state and federal) would be governing.



Thus, a 10 percent investment tax credit, expensing of EOR injection costs,
depreciation based on the rate of resource depletion, and current state
and federal income tax rates were used.

Table 2 displays the number and percent of each FEOR process sample that
would be developed at various price levels under these conditions, as well
as the percentage of potential EOR production (gross production less that
used for EOR purposes) that would result from those developed. For example,
development ranges from 6 percent of the fields at $11.62 per barrel for
on-shore CO, to 95 percent at $22.00 per barrel for polymer. Production ranges
from 22 percent of the total possible for on-shore €O, at $11.62 per barrel
to 100 percent for polymer and in situ at $22,00 per barrel. Current world
prices of $13.75 per barrel result in up to 99 percent of possible production
from the polymer process to 24 percent of possible EOR off-shore oil production
for those reservoirs assigned to the €0, process. Overall, 43 to 8l percent
of the sample reservoirs are developed over the pricz range analyzed; with
46 to 82 percent of possible EOR o0il being produced.

0f perhaps greater interest, however, is the price elasticity of supply
(i.e., the proportionate change in production per proportionate change in
price). Table 2 also lists these values (arc elasticities) for the sample
over the price range analyzed.5 Individual EOR processes, as well as total
production from all processes, are shown. It is obvious that the price
elasticities vary across hoth process and the range of price changes. In the
$11.62 to $22.00 range, the €O, and steam processes are price elastic. This
is also true of all processes combined. In situ, surfactant and polymer are,
however, price inelastic; to the point where higher prices will have little
impact on productionm,

All processes, except off-shore CO,, exhibit the greatest price elasticity
in the low and/or middle price ranges (to $17.00 per barrel). Off-shore €O,
exhibits its greatest elasticity over the middle price range ($13,75-$17.00 per
barrel), with substantial elasticity above $17.00 per barrel. This suggests
that the greatest price impact on production will take place in the range of
real prices from $11.62 to approximately $17.00 per barrel, except in the high
cost off-shore regions. With real (deflated) oil prices expected to increase

Using production estimates based upon the Low Process Performance case
would substantially reduce these values, For example, the surfactant process
at world oil prices would be implemented on only two reservoirs in the gsample
(8 percent) and result in 7 percent of the potential net production. Similar
calculations could be shown for other processes and price levels. However,
the object of this section is an evaluation of policy options. For this
purpose, the High Process Performance case is use:! as a basis with digressions
to other cases only if policy conclusicns would be affected. Also, the values
change considerably whes the analysis i~ conducted at the lower tier (old oil)
price of $5.25 per barrel. At this price only 8 percent of the reservoirs
with 14 pewcent of total possible production were developed.

5Note that these values relate to ultimate net production and, thus,
give no Indication of the sensitivity of production profiles (or timing)
to prica.



Table 2.--EOR Development and Production by Process -and Price Level

Process Sample Number Percent Percent Sample
and Size Developed Developed Potential Price
Price Production Elasticity
Developed of Supply
Steam )
$11,62/BBL. . . 20 6 30 - 41 99
17.00/BBL. 20 11 55 75 62
22,00/BBL, 20 14 70 85
In Situ _
$11.62/BBL. 20 14 _ 70 89 _
13.75/BBL. 20 16 80 96 -2
17.00/BBL, 20 18 90 100 19
22.,00/BBL., 20 18 90 100 .00
Surfactant :
$11,62/BBL. 25 14 56 : 77 20
13.75/BBL. 25 19 76 85 ‘00
17.00/BBL, 25 19 76 85 '46
22,00/BBL. 25 22 88 94 *
Polymer.
$11.62/BBL. 20 14 70 94 32
13,75/BBL. 20 17 85 99 00
17.00/BBL. 20 _ 17 85 99 05
22.00/BBL. 20 19 95 100
C0,--On-Shore
$11.62/BBL. 50 12 24 22 1.52
13.75/BBL. 50 22 b4 27 L. 26
17.00/BBL. 50 32 64 50 1.87
22,00/BBL. 50 37 74 71
C0,--0f f~Shore
11.62/BBL. 25 9 36 24 a0
13.75/BBL, 25 9 36 24 2°21
17.00/BRBL. 25 15 60 35 1‘99
22,00/BBL, 25 19 76 50 :
Total _
$11.62/BBL. 160 69 43 46 .88
13,75/BBL. 160 92 58 52 1,78
17.00/BBL. 160 112 70 69 ‘ .81

22.00/BBL. 160 129 81 82




in the future and the physical impossibility of developing all reservoirs
simultaneously (due to capital and manpower requirements, as well as logistics),
the first priority for encouraging FOR development would appear to be that of
allowing prices for EOR production to float with world price. This is further
supported by the fact that those EOR processes with the greatest potential

also have the greatest price elasticity.

0f the thirty-one fields which did not develop at a $22,00 per barrel
price, twenty-one developed at $27.30 or below, six between $27.50 and $50.00,
two between $50,00 and 575.00, and two would not develop unless price exceeded
575,00, As a result, 99 percent of the potential EOR production can be
achieved at prices below $27.50 per barrel. Overall price elasticity is
positive (1.35) in the range of $22.00-$27,50, but almost zero above $27.50.
By process, fields in all categories developed below $27.50 while steam, in
situ and surfactant comprised the techniques that would not develop the
remaining fields at prices below $50.00 per barrel. The latter, of course,
use a portion of recovered oil in the process.

Yet it may be dangerous to generalize from a sample (although our steam
and in situ simulations cover all assigned reservoirs). Therefore, to gain
additional insight, the supply elasticities calculated from the sample were
conpared with those hasaed uron all reservoirs assigned to EOR processes in
both the Low and High Process Performance cases. Such a comparison cannot
be precise because of the different approach used in the overall analysis to
address economic calculations. The following differences in method must be
understood,

1. The policy sample contains a greater proportion of marginal fields
than the universe. '

2. The overall analysis provides information at only three price levels
($11.62, $17.00 and $22.00 per barrel).

With these considerations in mind, Table 3 displays the comparison.

In general, the tendencies apparent from the sample are supported when
looking at the High Process Performance universe. Surfactant becomes price
elastic, aleng with CO, and steam, but on-shore COZ appears somewhat less
price sensitive and of%—shore C0, somewhat more price sensitive than in the
sample. No evidence is apparent which would argue for a change in the pre-
viously discussed conclusions. As would be expected, the Low Process Per-
formance case showed higher price elasticities for a number of the processes.
Only in situ remained price inelastic overall, while the price elasticity
of steam dropped.

Given the potential impacts of price on EOR development, the next question
in a situation of information certainty is whether other public policy options
would change the timing or magnitude of FOR introductions. For this question,
we analyzed four possible policy changes (three tax considerations and a public
investment subsidy to encourage EOR development).

The tax options include the use of a 12 percent investment tax credit
(2 percent greater than that currently allowed), accelerated depreciation



Table 3.-~Price Elasticity of Supply Comparison

Process Policy Analysis|OTA Total Reservoir Assignment
Sample
High Process High Process Low Process
Performance Performance Performance
Case Case Case
Steam
Overall (511,62-22.00/BBL.) 2.32 2.42 1,92
$11,62-13,75/BBL. .99 1.15 1.23
13.75-22.00/BBL. : 2.18 2.18 1.60
In Situ :
Overall ($11.62-22,00/BBL.) .25 : .25 w71
$11.62-13,75/BBL. : . .52 .10 1.08
13,75-22.00/BBL. .10 .00 .38
Surfactant
Overall ($11,62-22,00/BBL.) 48 1.47 12,93
$11,62-13.75/BBL. 70 2.51 8.39
13.75-22,00/BBL. .28 .59 5,57
Polymer
Overall ($11.62-22,00/BBL.) .11 .00 1.06
$11.62-13.75/BBL, .32 .00 3.23
13.75-22.00/BBL. .06 .00 .00
COZ——On—Shore
Overall ($11.62-22,00/BBL.) 4,64 2.49 5.33
$11,62-13.75/BBL, 1.52 3,34 2.03
13.75-22,00/BBL. 4,22 1.16 A
CO,==0ff-Shore
%verall ($11.62-22.00/BBL,) 2.26 7.06 ' e
$11.62-13.75/BBL. .00 3.23 -
13,75-22.00/BBL. 2,84 5.04 -
All Processes
Overall ($11.62-22,00/BBL.) 1.70 2,02 4.50
$11,62-13,75/BBL, .88 2.46 2,42

13,75-22,00/BBL. 1.56 1.10 3.39




using the double declining_balance method, and, to evaluate industry's conten-
tion that IRS must permit the expensing of injection costs if EOR is to be
economically viable, an option where injection costs are 100 percent depre-
ciated. The latter option changed the assumption used in the previous
simulations that all injection costs are expensed in the year paid. Depre-
ciation was assumed to take place over the remaining production periocd in
proportion to production. The investment subsidy option calls for the
government to pay 15 percent of all initial EOR related investments (deferred
investments are paid fully by the producer).

Table 4 displays the result of these tests. All evaluations were made
assuming current world market prices ($13.75 per barrel) prevailed. As can
be seen the various options have relatively minor impacts on development and,
consequently, production, In fact, the 12 percent investment tax credit results
in ne new development, while the accelerated depreciation option adds one in
gitu reservolr and inecreases total net producticn by only two tenths of oné
percent over a six year period. On the other hand, an IRS requirement that
EOR injection costs be 100 percent depreciated results in thirty (thirty-two
percent) less sample reservoirs developed with a 29 percent reduction in total
production over a twenty=-two year period. The reduced production is concen-
trated in surfactant with some impact on the steam, polymer and on~shecre
002 processes. The most powerful of the policy options in encouraging
development appears to be the 15 percent investment subsidy. Similar to the
current ERDA demonstration program, this would add three developed reservoirs
from our sample at current world oil prices and result in a 1 percent increase
in net production.

The various options do change the amount of above normal (10 percent
rate of return) profit that can be expected from developed fields. Depreciation
of injection costs would tend to reduce rates of return and the other options
would increase them. TIf the introduction of EOR to potential reservolrs is
paced on the basis of rates of return, this could have an impact on aggregate
production profiles and the timing of recovery. The exact impact is difficult
to quantify since firms will have different decision criteria and schedules
for starts based on those criteria, Assuming that high rates of return
would be required initially, however, it is clear that the effect would
generally be small {(with the exception of injection cost depreciation for
the surfactant process). In the near term, the annual step (change) in the
rate of return criterion would be sufficiently large that few of the policies
analvzed would result in the required degree of change. In later years, as
the annual step is reduced, the impact of any pelicy change on EOR timing
is likely to be only cne or two vears.

Similar results were obtained when analyzing the Low Process Performance
case, The number of reservoirs that developed at a 10 percent rate of return
was obviously reduced by a substantial degree. However, the various policy
options have little impact on changing these decisions. Taking surfactant
as an example of a process which is often marginal, the various options resulted
in only one addition to the two fields developed under free market conditions
(see footnote 4). That development occurred when a 15 percent investment
subsidy was introduced. Required depreciation of injection costs, however,

did not affect the decision to develop.
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Table 4.--EOR Development by Process and Policy Option

Number Developed

Process Sample $13.75/ 12% Invest- Accelerated Depreciate 15% Iavest-'
Size BBL. ment Credit Depreciation Injection ment Sub-
Costs sidy

Steam 20 g 9 g 6 9

In Situ 20 16 16 17 16 18

Surfactant 25 159 19 19 4 19

Polymer 20 17 17 17 15 17

COy~-

On-Shore 50 22 22 22 13 22

COp—

0ff-Shore 25 9 9 9 9 10
TOTAL 160 92 92 93 63 95

These results, however, need to be compared with the costs of the respec-
tive programs. In the case of a 12 percent investment tax credit, the govern-
ment revenue loss per each incremental barrel of production is obviously
infinite, since no new output results. The accelerated depreciation option
adds an additional reserveir developed for EOR; increasing production by over
28 million barrels in eight years. At the same time, government revenue
actually increases due to the greater production and the changes in the
relevant time profiles. The increase per barrel of production, however, is
slight; less than one cent per barrel.

As would be expected, requiring the depreciation of injection costs
increased governmment revenue while the 15 percent investment subsidy reduced
it. The impacts per barrel of production change were, however, again minor.
The cost of the investment subsidy program is the net of the subsidy, itself,
and the change in federal tax collections.

In summary, one can argue that none of the policy options are very power-
ful in encouraging new production nor expensive in terms of govermment cost
ver barrel produced. In fact, little appears to be gained (or lost) by
attempting to accelerate EOR development to a pace faster than that dictated
by the current institutional setting. The question remains, however, whether
such policy options are worth potential distortions in efficiency in situa-
tions where information uncertainty exists. This question is explored in
the next section.
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Analysis. assuming information uncertainty

To evaluate the question of uncertainty in production, cost and price
values, the same sample of reservoirs as discussed previously was used in
conjunction with subjection probability distributions on the key input
variables. Table 5 lists the variables and the distributions used. The
resulting range in production from the reservoirs was substantially less than
that resulting from the two cases analyzed for the overall study. This
indicates that the degree of uncertainty implicit in the cost and production
distributions was less than that expected by technical personnel, Also, the
price distribution was defined by resort to the widely held assumption that
down-side risk is low. As a result, ocur policy tests can be considered
conservative, in that a policy which will not impact development here is
unlikely to have any impact in practice.

Table 5.--Input Variables and Subjective Probability Distributions Used for
Monte Carlo Simulations

Variable Value

Price (/BBL.)

Original Value §13.75
Mean of Price Change Distribution 0.0
Standard Deviation of Price Change Distribution 0.01
Production
Triangular Contingency Distributions
Minimum -.30
Most Likely ~.10
Maximum 0.05

Investment and Operating Cost
Triangular Contingency Distributions

Mindimum -.05

Most Tikely 0.0

Maximum 0.1
Number of Monte Carlo Interations 200

Table 6 summarizes these evaluations, It was assumed throughout that the
question of uncertainty would be evaluated at price levels approximating current
world values. Because of the minor impactg exhibited in the previous analysis
by most tax optlons, they were dropped from further consideration. Two
other options, designed to reduce uncertainty, were added. They included a
price guarantee whereby the govermment would assure a market price that did
not fall below $13.75 per barrel and an actual price subsidy (payment by the
government over and above market price) of $3.00 per barrel of EOR oil
produced. A 51,00 per barrel subsidy was also evaluated but is not displayved
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because of its negligible impact. 1In all evaluations, current tax rules (10
percent investment credit, expensing injection costs and unit of production
depreciation) and a 10 percent rate of return were assumed,

The simulations provide interesting insight into the potential pro-
fitability of EOR development. Overall, it appears that up to 23 percent
of the developable EOR reservoirs {and 23 percent of the producible oil)
would be available at current market prices with zero chance of a less than
normal profit to the operator. The remainder of the fields with some chance
of profitability are spread more or less uniformly over the probability of
less normal profit categories. These remaining reservoirs, however, contain
differential amounts of recoverable oil with concentrations contained in
the 26-50 and 75-99 percent chance of loss categories. Only 66 percent of
the sample's producible EOR oil has some probability of being profitably
exploited under the conditions simulated.

The policy options analyzed have little effect on these results. Only
the $3.00 price subsidy adds a significant number of reservoirs to those
potentially developed (20 percent), but this results in only a 6 percent
increase in potential o0il production. The impact is concentrated in the
CO,, steam and surfactant processes, with a 12 percent increase in production
from steam, a 13 percent increase in offshore €O, production, a 6 pereent
increase in on shore €O, production and a 3 percent increase in surfactant
production. The 13 percent investment subsidy adds 5 percent to the potential
reservoir development but only 4 percent additional oil. Only CO., processes
were affected, however. In most cases, reservoirs added to those that
would be potentially developed are in the high risk (76-99 percent chance of
loss) category.

All options, however, have some impact on reducing the risk of develop-
ment for those reservoirs that are potential candidates under current market
conditions. Again, the most successful policy in this regard is the $3.00
price subsidy, with 55 percent of the potential production classified below
50 percent probabllity of a less than normal profit. This is a 31 percent
improvement over the base case and compares to a 2 percent improvement for
the price guarantee option and a 21 percent gain for the investment subsidy.
The price subsidy alsc has a tendency to move reservoirs one or two categories
lower on the risk scale whereas the other options push a field to the next
lowest category (if any change is forthcoming).

The impacts of the various pelicy options on individual EOR processes
are similar to the overall results. The greatest addition to potential EOR
reservoirs and total production results from the price subsidy option.
Production potential increases 52 percent for off-shore COZ’ 17 percent for
steam and 15 percent for on-shore COy. The other processes show a negligible
change in production potential. Again, however, this increased potential is
added to the higher risk categories for each process. The reduction in risk
for potential production (from the base case) is greatest for all options
with respect to the on-shore 002 process, followed by in situ and surfactant.
The price subsidy option, for example, causes a 110 percent improvement in
potential on~shore CO, production classified below 50 percent probability of
a4 less than normal profit (the comparable figures for other processes
are: 38 percent for in situ, 29 percent for surfactant, 10 percent for steam,
5> percent for polymer and no change for off-shore 862).
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Although increases in potential EOR production (from all risk categories)
do not appear substantial for any of the options designed to reduce uncertainty,
the possibility of changing the risk of development for those reservoirs in-
cluded in the base case warrents further investigation of a price subsidy.

To accurately assess this option the potential benefits of increased EOR
production must be balanced against government costs., However, both the
extent of increased production and the corresponding costs are difficult to
quantify. Since the decision to produce EOR oil from any of the risky fields
(those with a positive chance of a less than normal profit) depends on a
producer’s risk preference function, one must ascertain the appropriate
decision rule used by the private sector to make development decisions before
an accurate assessment can be made. Given that these decision rules will
vary by individual firm and may change within a firm as a result of policy
options like subsidies, govermment cost is difficult, if not impossible, to
quantify. The cost of the $3.00 subsidy to all produced EOR oil must be
offset by any increase in federal tax revenue and, in the case of off-shore
fields, royalties collected. Without knowledge of the before and after impacts
under varying risk conditions and decision criteria this can only be an
educated guess. For a range of possible conditioms, the net present value
cost appears to be in the area of $1.50 to $2.00 per barrel.

Society must determine whether the additional expected cost is out-
weighed by the benefits earlier production of EOR would cause, and whether
postponement of EOR production will ultimately lead to a higher cost of
recovered oil (due to increased investment and operating costs required to
apply EOR processes to older fields). An alternative policy might also be
suggested. That is, the targeting of subsidies to fields that are economically
marginal under current conditions. The costs of such a policy would depend
on the criteria used for selecting such areas and the other parameters
discussed above.

The preceding analysis assumes that EOR oil will achieve a market price
of $13,75 per barrel and that such a price will continue, in real terms,
throughout the productive life of an EOR project. Evaluation of this
assumption could lead to the conclusion that the results discussed above are
an inaccurate representation of the future reality. ILf EOR oil prices are
deregulated and world market prices maintain a moderate, but consistent,
real growth vate much of the uncertainty exhibited in the profitability
of EOR projects may be eliminated.

To test this possibility, an analysis was performed on the gample which
assumed an average annual real price increase of 5 percent (randomly selected
from & normal price change distribution with a standard deviation of 3 percent).
Although one could assume little down side risk for price because of world
market conditions, no constraint was imposed in the test., Thus, the results
may be conservative, Table 7 displays the price deregulation impact and
compares it to the $13.75 price base case and the $3.00 price subsidy situa-
tion (from Table 6). It can be seen that the price deregulation scenario
test equalled or exceeded the results of the price subsidy in reducing un-
certainty for all EOR processes. Overall, price deregulation led to a 34
percent increase in fleld development over the base case and an 11 percent
increase over the price subsidy situation. Moreover, substantial shifts



Table 7.--Monte Carlo Simulation of EOR 01l Price Deregulation
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Number of Reservoirs Developed

EOR
Process Sample Probability of Less Than Normal Profit
and Size :
Policy 0% 1--257% 26~50% 51-75% 76-99%  Total
Steam
Base Case 20 3 1 2 -— 4 10
Price Subsidy 20 3 3 2 i 3 12
Price Deregulation* 20 3 5 3 2 - 13
In Situ
Base Case 20 10 2 —— 2 4 18
Price Subsidy N 20 11 2 3 2 - 18
Price Deregulation 20 11 5 - 2 - 18
Surfactant
Base Case 25 2 4 ) 3 4 19
Price Subsidy ) 25 2 12 4 1 1 20
Price Deregulation* 25 6 13 - 1 2 22
Polymer
Base Case 20 11 3 - 1 2 17
Price Subsidy 20 14 2 1 — - 17
Price Deregulation* 20 14 3 - —— 2 19
C02~—On—Shore
Base Case 50 4 3 4 4 7 22
Price Subsidy 50 9 11 2 2 7 31
Price Deregulation® 50 18 5 4 6 4 37
C0,--0ff-Shore
%ase Case 25 7 2 - —— — 9
Price Subsidy 25 9 - - 3 4 16
Price Deregulation 25 9 - - 3 6 18
Total
Base Case 160 37 15 12 10 . 21 95
Price Subsidy 160 48 30 12 9 15 114
Price Deregulation 160 61 31 7 14 14 127

#
Assumes an annual price change distribution which is normal with a 5
percent mean and a 3 percent standard deviation.
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in the uncertainty category took place for individual fields which were for-
merly in high risk (greater than 50 percent chance of loss) situations. The
impact of price deregulation is felt uniformly across EOR processes with
only in situ not participating in the effect,

Thus, if a moderate annual increase in real o0il prices obtained for EOR
production could be expected, special government policies to reduce uncertainty
may not be required. An equal or greater impact can be obtained by the simple
action of price deregulationm. '

Impact of alternative OCS leasing systems

With the widespread current interest in 0C5S leasing activity, increased
attention has been focused on alternative leasing systems. Currently, the
United States uses, almost exclusively, a cash bonus bidding procedure where
the winning bidder on an 0CS tract is the firm who offers the government the
highest front-end payment for exploration and development rights (the cash
bonus). This bid amount is not returnable if recoverable resources are not
found and, therefore, has no impact on subsequent development and production
decisions (including the use of EOR technology). In addition to the cash
bonus, a royalty on gross production value of 16,67 percent is required by
the government. The previous analysis of policy options assumed this method
was in use for the off-shore CO, cases.

However, because of the substantial uncertainty that exists in off-shore
development and the capital requirements of cash bonus bidding, suggestions
(Kalter and Tyner, 1975) have been made that would use alternative systems;
thereby spreading risk to the government, reducing capital requirements and
encouraging competition. As a result, government revenue nay increase with
1ittle or no loss in production. Such alternative leasing systems make
greater use of contingency payments (government receives revenue only upon
actual production) and usually employ an augmented royalty rate or a profit
share technigue., Often the cash bonus is retalned as the bid variable,
however, to reduce speculation. The higher contingency payments, expected 1f
production takes place, act to reduce the magnitude and importance of the bonus.

Two such systems are analyzed here and were described above. The
question of EOR viablity under the alternative systems was considered when
compared to the current system. Table 8 details the results of this analysis.
It is clear that high fixed royalties will inhibit EOR development by in-
creasing the risk ot less than normal profits and making some fields uneconomic
for EOR purposes. This result confirms earlisr studies on the impact of
high royalties for primary and secondary production (XKalter, Tyner and
Hughes, 1975). However, the profit share system also has a tendency to
increase the risk of a less than normal profit. This is at variance with
previous results on primary and secondary production and indicates that the
profit share rate (50 percent) has heen set too high for EOR development on
marginal fields. One option in both situations would be the use of a variable
rate royalty or profit share appreach, so that rates would automatically be
reduced for marginal fields and increased in situations of higher productivity.
The variable rate could depend on either the amount of production or the
revenue level in each situation. If experiments with new leasing systems are
contemplated, their ultimate impacts on EOR production should be considered
along with traditional production profiles.
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Table 8.--Monte Carlo Simulation of OCS Leasing Systems and EOR Potential

EOR Process Sample Probability of Less Than Normal Profit
and 0CS Size

Leasing s

System 0% 1-25% 26-50% 51-75% 76-99%  TOTAL

Number of Fields Developed

C0,—=-0ff-5hore

2

Current 25 7 2 — - —_ 9
40% Rovalty 25 2 1 1 1 3 8
50% Profit Share 24 4 3 2 - - 9

Percent Potential Net Production Developed

C02——Off-Shore
Current 25 21 4 - - - 25
40% Royalty 25 3 6 4 1 9 23

50% Profit Share 25 13 8 4 - — 25







APPENDIX A

Reservoir Sample
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