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Introduction

The level of interest in Russian oil and gas ventures by western companies has been high

since 1990, yet the number of newly created business entities remains surprisingly low. The

reasons for this appear to be four-fold.

Western companies have difficulty understanding the Russian database, partly because of
language barriers and partly because of the outmoded subsurface evaluation equipment as
compared to the equipment currently being used in western countries. In an effort to assist
western companies in their evaluation process, we published a five-part series titled
Evaluation of Qil, Gas Opportunities in Western Siberia (OGJ, 11/23/92, 12/7/92,
12/28/92, 2/8/93, 2/22/93).

Perceived or real instability of the Russian government and the ruble, and delays in
establishing and enforcing uniform mineral laws, licensing procedures, and tax and fund
guidelines cause western companies to be reluctant to make large financial commitments in
Russia.

Negotiated deal terms with Russian entities, both written and verbal, change from time to
time for no obvious reason. Too often a western company will have a signed protocol and
believe they soon will be issued z; license, only to see the protocol nullified and the deal put
to competitive bid or given to a Russian entity. Even after being awarded the competitive
bid, terms for the license may be renegotiated, thus jeopardizing the deal's economic
feasibility.

Russians sometimes have difficulty understanding the western methodology and logic used

to evaluate the Russian ventures, and vice versa.



This paper deals only with the last issue and attempts to lead the reader through the
various steps of a western evaluation. Special emphasis is placed on key economic indicators we
use and how these indicators are impacted by various deal structures, production delays, and tax
burdens. It is envisioned by the authors that a similar paper would be written by a Russian author
explaining the various steps of a Russian evaluation. A better understanding of both perspectives

hopefully will lead to more efficient expedited deals.

Log and Core Data

Russian logs at times are difficult to read and digitize because the multiple log traces are
not confined to specific tracts. Lateral logs we have reviewed used to evaluate Russian wells
compare to laterals used in America in the 1950's and 1960's. Due to bed edge effects, chronic
deep invasion, and lack of repeatability, the lateral logs cannot be used to determine true
formation resistivity (Rt) with acceptable reliability. However, we find that the "6D1" generation
induction conductivity tools measure Rt within acceptable limits even though the tools are not
borehole corrected.

We use the SP log in conjunction with the 2-meter lateral log primarily for correlation
purposes. The SP is also used for estimating shale volume in water saturation calculations and
estimating gross sand thickness. We question the accuracy of porosity estimates based on relative
SP deflection as is commonly done in Siberia.

A microlog provides the best indication of permeable and porous formation and is used to
construct porosity isopach and net pay maps. Micrologs are run on most "research" wells, but
unfortunately are not commonly run on "production” wells. .

Second to core data, the acoustic log provides the best estimate of porosity. However the
tool is an uncompensated device that has inherent problems with hole rugosity and alignment. If
used carefully, the sonic porosity can be used for qualitative water saturation calculations.

We use the gamma ray log with limited success to determine shale volumes in water

saturation calculations. The logs are not calibrated to a standard "API" count basis; therefore, it



often is necessary to re-calibrate gamma ray logs to lithologic "standards” in the wellbore. The
gamma ray is run in conjunction with a single-detector neutron on many research wells; we find
no application for these neutron logs.

Logs are digitized across zones of interest and displayed in a conventional western three-
tract format. Because depth shifts in excess of 10 meters are common, all logs are depth
corrected after digitizing.

Because most Russian logs lack modern sophistication, core and flow test data are very
important for subsurface evaluations. Core data is used for log calculations, calibration of sonic,
and most importantly, for pore volume estimates of original oil-in-place (OOIP). It is important
for us to inspect cores when possible to determine the extent of fracturing, the depositional
environment, and the core sampling method and frequency. We find the "special core analyses"

(determining "a", "m", "n", matrix travel time, etc.) and petrographic core descriptions very
valuable.

In the western Siberia basin, log analyses are complicated by multi-mineralogic sands that
include conductive minerals such as glauconite, micas, and pyrite, in addition to being thin-
laminated shaly-sand sequences. Qur saturation calculations are hampered by the lack of

calibration, borehole corrections, deep invasion corrections, and by the fact there is only one

useful porosity tool.

Reservoir Description
We concentrate on "research" wells rather than "production” wells because research wells
include relatively complete data sets and are generally adequately located over the structures. The
methodology for describing a reservoir and estimating the original oil-in-place (OOIP) is similar
world-wide: 1) establish stratigraphic correlations across the field and construct porosity isopach
maps; 2) construct structure maps on key horizons; 3) construct net pay maps for significant

reservoirs; and 4) calculate pore volume estimates of OOIP.



Structure and Porosity Isopach Maps

After correlating electric logs from research wells, a series of restored (fault corrected)
stratigraphic cross-sections are constructed across the field. Porosity isopach maps are
constructed based on microlog separation. Structure maps are constructed based on "research"
wells and seismic data. We find Russian seismic data adequate to define most gentle four-way
closures. However in areas of complex faulting or salt tectonics, the seismic is less useful. In our
experience, Russian geologists do an excellent job of constructing structure maps.

Russian base-maps are a point of frustration to westerners who are accustomed to well
locations based on x-y coordinates or a grid system. If Russians could provide reliable x-y
coordinates systems for all field wells, our evaluation process would be faster and more accurate.
If coordinates are not provided, we must rely on the accuracy of maps which often have been
distorted by reproduction and may be locally inaccurate. We always construct maps on Computer
Automated Drafting (CAD) equipment, so if coordinates are not provided, we must estimate
them. This x-y coordinate system is necessary for computer generated simulation studies, which

many western companies require.

Net Pay Maps and OOIP Estimates

Flow tests are the best means of establishing oil-water contacts, gas-water contacts, and
gas-oil contacts. If an oil-water contact is not defined, it is conventional to classify only the oil
column above the lowest-known-oil (as determined by flow tests) as "proved" reserves (A, B, and
C1l: see Figure 1). Any potential pay below the lowest-known-oil is considered "probable"
reserves (C2). The net pay maps are planimetered to determine the bulk reservoir volume.

Reservoir fluid properties are obtained from PVT analyses of fluid samples and from
measurements taken during flow tests. We always compare the analytical reservoir volume factor

for oil against values calculated using the Vasquez and Beggs correlations.
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OOIP is calculated based on the bulk reservoir volume from net pay maps, porosity from
core data, and oil saturation from log calculations. To convert from barrels of oil to metric tons,

divide by 6.29 and multiply by the oil density.

Flow Tests and Reservoir Performance

The Russian practice of extensively testing wells provides some of the most important
information for the evaluation of fields. Because many western engineers do not take the
necessary time to understand Russian test data, much of this valuable data is not completely
utilized. We find the test data invaluable and use it to determine permeability, productive index,
and formation damage ratios. Our primary complaint about Russian flow tests is they are
conducted without packers, thus making the wellbore storage time very long. Ideally, the tests
would be run with packers and additional pressure points would be reported during all flow
periods and all build-ups. Final shut-in times generally are not long enough to comfortably
determine true formation pressure. Our methods for analyzing the flow test data are substantially

the same as the Russian methodology.

Feasibility Studies

Drive Mechanisms and Recovery Factors

Our experience is primarily in the western Siberia basin where drive mechanisms génerally
are depletion and/or waterflood. It is common for western companies to run minimum case (or
worst case) economics to evaluate the level of capital risk efcposure in a development project. A
minimum case assumes depletion drive with low production rates and low recovery factors.
Primary recovery factors are estimated using material balance calculations.

Maximum case economics also are run and assume improved production rates and
recovery factors through a secondary recovery pressure maintenance development program.
Recovery factors for waterfloods vary depending on reservoir continuity, reservoir thickness,

injection rates, well spacing, and mobility ratios.



Western companies use general guidelines for minimum pay thicknesses considered
economically productive or likely to respond to waterflood. For example, reservoirs less than
three meters thick may be considered unlikely to respond to water flood and therefore have
depletion drive recovery factors between 7% and 10%. Similarly, reservoirs thicker than three
meters may flood efficiently and have recovery factors between 20% and 35%.

Recovery factors for waterflood are estimated based on analogies with nearby mature
producing fields or on reservoir simulation studies. The preferred method for preliminary studies
is the analogy method. It is important for us to review production and injection histories, flood
patterns, well counts, reservoir rock, and fluid characteristics in order to estiméte production
performance and ultimate recovery factors of analogy fields, and thereby estimate recovery factors
and performance for undeveloped fields.

Sometimes a western company will anticipate significantly lower recovery factors for a
field than the Russian counterpart because the western company may use a lower well density.
The more closely wells are spaced, the greater the recoverable reserves for the field, but the lower
the recoverable reserves for each well. Thus there is an optimum number of wells in a field which

generates a maximum profit.

Development Plan and Production Forecast

Production forecast estimates for a field depends on the development plan and assumes a
drilling and completion. We prefer to run two extreme case development plans for a delineated
but not yet producing field: 1) A minimum number of wells which produce with a depletion drive
recovery mechanism; and 2) A secondary recovery program using pressure maintenance from
waterflooding and with an optimum number of production and injection wells. The first case
requires less capital;, however, the oil recovery is also less than the second case. The optimum
case minimizes the capital expenditures while maximizing the project discounted Cashflow. The
drilling schedule is based upon Russian drilling times with additional time added to anticipate

mechanical breakdowns and logistical delays.



Maximizing the discounted Cashflow is strongly effected by the timing of first production
and oil sales. Delays in oil sales lower all of the economic indicators. Typically construction of
infrastructure requires less time than development drilling and completion of all wells in the field.
Therefore, the critical path to first production is controlled by drilling and completion times.
Optimizing the logistics of equipment and supply delivery has a major impact on the development
schedule and the economics.

Accurately estimating costs associated with developing a Russian oil field is a difficult
process because of changing tax and duty laws, import restrictions, and inflation. Costs are
estimated based on western remote costs and times (e.g., Alaska and Canadian NW Territory).
Thus, the western company initially evaluates the profitability of the project based on western
costs. Today, Russian costs are less than western costs, so economics improve if a ruble
contribution is included. Thus the results of the analysis are conservative.

Having established the OOIP, drive mechanism, recovery factor, analogy waterflood
performance, and development plan, a production forecast is estimated. Figure 2 is a typical
production forecast for a field in the western Siberia basin. This example production forecast

illustrates how profitability is calculated.

Economic Analyses

Key Economic Indicators

Companies always have more investment opportunities than they have funds to invest, so
it is important to use a set of economic indicators which objectively compare the alternative
opportunities. Different opportunities can have significantly different Cashflow profiles (e.g.,
front-end costs and delay to first revenue), therefore suitable economic indicators must consider
the time value of money (TVM).

The basis for TVM is that there always are minimal risk investments such as bonds and
savings accounts available to companies. Western companies typically assume minimal risk

opportunities will receive 10% interest on the investments. This 10% is termed "discount rate".



Thus, alternative business opportunities compare the project discounted Cashflow against these
hypothetical minimal risk 10% investments. Since there are significant risks associated with most
business ventures, especially oil and gas, the ventures need to generate yields better than the safe
10% investments.

The most common economic indicators used by western companies to evaluate and
compare alternative investment opportunities are Net Present Value (NPV) Cashflow, Discounted
Return-On-Investment (DROI), Internal Rate-of-Return (IROR), and Payout. Except for Payout,
all of these indicators are based on the time value of money.

NPV is calculated with the following equation:
NPV;=FV * (1+i)
where, FV = Future Value of Cashflow
i = discount rate
n = number of years in the future
For this discussion, we assume the discount rate is 10%, so the above equation takes the form:
NPV,o=FV * (1.10)0
An example calculation compares the NPV, of $1000 received today against $1000 received two
years from today. The $1000 received today has an NPV, of $1000, while the $1000 received
in two years has an NPV of only $826.

A non-TVM definition of Cashflow is:

Cashflow = Revenues - Costs
"Costs" include capital costs, operating costs, taxes, fees, tariffs, etc. To calculate Discounted
Cashflow, the NPV, of each of the equation components are calculated. Each year of a
multiple-year project is calculated separately in a spreadsheet. The resulting annual Cashflow is
discounted to "day one" and is called the Discounted Cashflow. The cumulative Discounted

Cashflow for the project is the NPV for the project.



Return-On-Investment (ROI) is a simple ratio of Return to Investment, plus one:
ROI = (Return / Investment) + 1
In this non-TVM definition, the ROI of a project generating $1000 cumulative Cashflow and
requiring $500 Investment is 3.0. However, most oil and gas venture investments are front-end
and production may not begin for several years. To account for the delay in revenues as
compared to the initial capital investment, a Discounted Return-on-Investment is calculated
(DROI;y). DROIy; is a TVM form of ROI with the Cashflow (return) and the investment
discounted back to "day one" of the project:
DROI,y = [(NPVo Cashflow) / (NPV,, Investment)] + 1
The same project generating a 3.0 ROI may generate a 1.5 DROI;,. This is an excellent
economic indicator of projects.
The Internal Rate-of-Return (IROR) is a widely used economic indicator. It is calculated
by discounting the annual Cashflows at various discount rates until the sum of the discounted

Cashflows equals zero. The following equation is used to calculate IROR:

ZL: NCF, _
o (1+3),
where, NCF; = Net Cashflow for year j
L = life of project
i = IROR (as a fraction)

IROR is expressed as a percentage; the expected IROR for oil and gas projects ranges from 12%

to 35% depending on the risks. This can be com;;ared to the minimal risk investment of 10%.
Payout is a simple concept that does not consider the TVM. It is the amount of time

(measured in months or years) that passes after project initiation until the cumulative Cashflow is

zero. Note that neither the Cashflow nor the Investment are discounted.



Base Case Economics

The economics for a western Siberia project are summarized in Table 2. This is a
Cashflow calculation for a field initially in a delineated stage which requires 254 additional wells
to be drilled and will be placed on pressure maintenance through waterflooding. The developed
field will have 143 producing wells and 111 injector wells and begin flooding as soon as the
injectors are completed. Table 2 is an example of the calculations a western company may use to
determine the economic feasibility of a Russian oil project. The development of the field assumes
the first year is spent planning and the next six years are spent building infrastructure and drilling
the producing and injection wells. The field is developed in a progression manner which allows
the first oil production to begin in year two. The production rate increases as additional wells are
completed and connected to the sales pipeline. A maximum production rate of approximately 11
million barrels per year is achieved in year six. Water injection is started in year four. After the
oil production peaks in year six, the oil production rate exponentially declines.

Assumptions in the calculations include the cost of drilling, completing, and equipping the
wells with western equipment. For this particular example, a dry-hole well cost is estimated at
$750,000, 'completion cost at $250,000, and the facilities and equipment at the wellsite is
$100,000. Pipelines facilities, central treating facilities, roads and infrastructure, and
environmental costs add an additional $15.5 million. The total investment for developing the field
is estimated at $295 million. Over a 20-year production life, 120 million barrels of oil are
produced. This equates to an investment of about $2.47 per barrel of oil recovered. The
calculations assume the western partner provides 100% of the capital until payout. After the
project pays out, the western and Russian partners pay their proportionate share of the capital
expenditures: partners each own 50% working and revenue interest in the field. The western
company is capitalizing the project with loans; consequently before payout, the western partner
receives 75% of the revenue interest. The calculations assume a 10% royalty, 5% reserve fund
(charter), 5% research fund, 5% social fund, a combined 32% profit and excise tax, and a 4-1/2%

repatriation fee. For these assumed Cashflow criteria, the payout for the project is 7.2 years, the

10

evn v



Internal Rate-of-Return (IROR) is 11.8%, and the project has a net Cashflow to the western
partner of $130 million. This results in a discounted net Cashflow of $28 million. These
economic results are not risk-adjusted.

Typically, western companies evaluate exploration and development projects on a risk-
adjusted basis. Risk adjustments can take into account the uncertainty of the geology, production
rates, capital costs, and production delays. If a risk-adjustment is applied to this particular
example project, the IROR decreases below 10% and the payout is significantly extended. A
detailed discussion of risk factors and their impact on project economics is beyond the scope of
this article. As the current calculations stand with the assumed taxes, funds, investments, and
revenue interests, the project is unattractive to the western investor.

Additional calculations are made for this same project to show the sensitivity of 1) export
tax variations, and 2) differences in before-payout revenue interest. The results of these
sensitivity calculations are shown on Figures 3 and 4. Currently the export tax is 21 European
Price Units (EPU's). Figure 3 illustrates how variations in the export tax impact the IROR and
the payout. As an example, if the export tax is decreased to 10%, the IROR increases from
11.8% to 31.9%, and the payout reduces from 8.6 years to 6.0 years. After applying a risk
adjustment factor to the project, the 31.9% IROR decreases to 20% -25% depending upon the
risk criteria being used by the company. A risk adjusted IROR of about 25% is the threshold for
project approval for many western companies. For this example, these economics are favorable
and the incentive is to invest in the project provided the export tax is reduced.

An alternative to decreasing the export tax in order to improve project economics is to
increase the western before-payout revenue interest (Figure 4). By increasing the revenue
interest, the western partner receives more Cashflow in the initial years of the project. This
additional cash decreases the payout time and increases the IROR. As an example, by adjusting
the revenue interest before payout from 75% to 87.5%, the IROR increases to 18.3%. While this

improves the economic indicators, the project still does not meet a threshold criteria of
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approximately 25% IROR. For this project, revenue interest before payout must be 100% before

an unrisked IROR of 25% is achieved.
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Table 1: Comparison of Russian and Western Reserve Classification
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