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perating an oil field at low oil

Opricn.‘s usually means that bud-

gets are reduced and costs are

further scrutinized. However, unless the

operator is careful, production can be
damaged.

A period of low oil prices, such as the
one from which the oil and gas industry
seems to be emerging, is a good time to
reexamine the technical premises that
the field has been built upon. The indi-
vidual economic benefits of many tech-
nologies previously taken for granted
must now be reexamined and tested for
their service to the profitability of the
field. This implies looking at the field
over its entire planned (and, nowadays,
often unplanned) life,

The goal of economic analysis must
be to assess each technology that is ap-
plied and applicable to the field by rat-
ing and ranking it according to its likely
impact on the return-on-capital em-
ploved (ROCE) profit stream. Should a
technology already be in use, then the
analysis is confined to the learning that
can benefit future use of the technology.
Obviously, we are looking for positive
economic improvement; otherwise, why
use that particular technology in the first
place?

The economic analysis can use con-
stant oil priu‘, predictions on future
prices, upper and lower bounds, or both.
We are interested in the time value of
money as the results of the technology
unfold during the economic stages of the
field, so the price premise need only be
kept constant for analyses among differ-
ent technologies. For each specific tech-
nology, we can predict what increase in
production is needed to pay for the tech-
nology, or how the technology changes
the indices used to monitor oil field pro-
duction. Think of it as ROCE for each
technology.

Economic indices such as net cash
flow, return on investment, profit, and
cost per barrel of oil equivalent (boe) are
used to determine conclusions from the
analysis. The particular geological condi-
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tions of that field make results field-spe-
cific, and although general trends emerge
basin to basin, the analysis should be
done for each field in your portfolio that
has substantial remaining value. The op-
erator knows the general economic per-
formance metrics of his field, but attrib-
utes specific to each technology require
considerable effort to extract. :

Economic impact
of EOR processes

As oil prices fluctuate, companies are
increasingly concerned with how to sur-
vive, let alone prosper. Given that the
price is largely out of their control, cost
reduction is often seen as the only viable
solution to maintain ROCE. This is nec-
essarily done in the short term by reduc-

ing exploration and production budgets
and by further reducing staffing levels.

Rather than stabilizing the “floor” or
foundation of the company, financial
strength often further drops. What often
happens is that not only does discovery
and infield growth of new reserves tall
as expected, but existing production lev-
els drop as well.

One reason for this unwanted feed-
back loop is that understanding of the
cause and effect between technologies
being applied during enhanced oil re-
covery (EOR) becomes disconnected
from ROCE of the specific technologies.
Reductions in cost and personnel can
often erode the filidamental ROCE of
the field itself.

This article discusses the analysis
methodology for associating ROCE to
specific EOR technologies and offers al-

Ol & Gas Journal « May 31, 1999 0GJ SPECIAL



Geophysics in Petroleum Development

WATER cur US. OIL nfcuumv

i

s bt

Reser\ml

dealloias] Rihads mialons sonblaly inminion budanis donul' Bad beuiid Baidie

S— e

TR WA it

iexample,

ternative ways to simultaneously satisfy
shareholder ROCE requirements while
continuing to grow infield reserves and
raise the floor for your company.

The target is cheaper oil produced
from existing fields, or higher profit per
boe produced. However, it does not
come free since you have to spend
money to make money through in-
creased reserves. That often sets off
alarms with management because cost
per boe must be cut in tough times.

The distinction between competing
production metrics is important. Con-
sider the performance of 27 publicly
owned companies that span the size
spectrum from the supermajor to the
smallest of international indcpcndvnt

Fig. 1 shows the red data points in 3D
and their 2D projections in blue on the
walls. Some producers are very good at

0GJ SPECIAL May 31, 1999 = Oil & Gas Journal

keeping production costs down, while
others are very good at profit per barrel.
But only 6 of the 27 companies have mas-
tered the linkage between high profit, low
cost, and high production volumes. Only
the latter produces cash flow directly.

The danger in cutting costs or con-
centrating on profit per boe without un-
derstanding their linkage to production
volumes is that in tough economic times
a company may sever the linkage. We
believe that in order to understand the
linkage, a company must first determine
the specific benefits, or ROCE, of each
important technology being used or con-
sidered for use in each important field of
its portfolio.

This problem will not go away if just
the price increases. As producers move
into ever deeper water searching for the
remaining elephants, the wellhead cost

per barrel is currently constraining field
development to only the largest fields.
As we further understand the linkage
among cost and profit per boe and pro-
duction volumes, smaller fields will be-
come economic.

Eugene Island example

We illustrate the methodology for a
single reservoir in Eugene Island in the
Gulf of Mexico. This 100-ft thick Pleis-
tocene sand reservoir has experienced
several EOR events over its 25-year pro-
duction history. One of the key EOR
events was the early use of 4D seismic
analysis using three generations of 3D
seismic surveys. New drainage targets
resulted in a very successful field rejuve-
nation project conducted from 1992 to
1996. In particular, we analyzed the tim-
ing of the EOR events for their impact on
the ROCE of the reservoir.

The intuitive concept is that the soon-
er the ROCE of each EOR process is un-
derstood by the reservoir management,
the higher and quicker the impact on the
cash flow and ROCE. We built models
to quantitatively visualize this intuitive
concept and estimate financial impact.

Fluid-production modeling

We began with fluid-production
models, which were built from a combi-
nation of empirical and measured data.
The fluid-production rates from 1998
into the future were predicted through
use of reserves-decline curves. The oil
rate was predicted with a standard, ex-
ponential decline of 23.6% / year, derived
from the productior~data between 1978
and 1998. The gas rate was predicted by
using a linear relationship with the oil
rate. The water rate was based on a
model derived from analyzing both
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these data and data from Dake.! Dake
discusses several fields in the North Sea,
which show the relationship between
water cut and cumulative oil recovery
and the expected and observed water cut
curves. These curves, Fig. 2a, and those
seen in the Eugene Island data example
in Fig. 2b, show a form approximated by
an initial linear rise, followed by a curved
rise, which asymptotes to unity with
maximum oil recovery. A generic form
of the model used to describe these
curves is shown in Equation 1:

WC=A+(1-A)1-e")

where A = constant, X = oil recovery,
and WC = water cut.

The models fit the data points for all
three examples very well over the entire
data range, even allowing for fluctua-
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tions seen in the Eugene Island water-
cut data that relate to workover events.
The Gulf of Mexico curves maintained a
low water cut for a longer oil recovery
percentage than that observed in the
North Sea examples. It is not clear
whether this indicates a difference in the
rocks themselves or a difference in the
production mechanisms (all were from
water drive reservoirs).

impact of EOR
on reservoir performance

The EOR events that we analyze in
the Eugene Island reservoir were ap-
plied beginning in 1992. Second and
then third 3D seismic surveys were ob-
tained and a 4D seismic analysis ap-
plied.

Bypassed pay compartments and
unswept oil pockets were identified, and
horizontal and deviated holes drilled.
Production, which had peaked at 3 mil-
lion bbl/year in 1975, had dropped to
53,300 bbl/year by 1992. In 1993, oil pro-
duction began increasing and peaked in
1998 at 700,000 bbl/year. We used the
fluid-decline model discussed above to
predict the production beyond 1998 as-
suming decline from 1999 (Fig. 3).

The ROCE impact of the EOR events
on the reservoir performance was esti-
mated by extracting the effect of the EOR
events and continuing the decline curve
from 1993 insteasl of increasing the oil
production rate. The recovery factor to
2008 without the EOR events in place
was estimated as 21.3%, which increased
to 25.9% when EOR was included. The
EOR events provided an increase of 4.6
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percentage points in recovery factor.

The cumulative oil production in Fig.
4a clearly shows the increase due to the
EOR events from 1993. We estimate that
an additional 4 million bbl will be deliv-
ered at an estimated cost of $10 million
for the EOR program, which factors into
a cost of $5/bbl and a profit of $7/bbl,
resulting in an ROCE of 2.8:1 for the
EOR program. This ROCE must be fed
into the overall facility and operating
costs of the field, which includes other
producing reservoirs. However, the
EOR program has clearly raised the
ROCE for the whole field.

; Additional models were used to ex-
amine the effect on the reservoir perfor-
mance had the EOR events been applied
earlier than 1993. The EOR oil compo-
nent was estimated from the actual pro-
duction data and was temporally moved
forward in time in relation to the pro-
duction estimated with no EOR taking
place. It is likely that 1978 was the earli-
est time for the EOR events to take place
since that is just after peak production.

Fig. 3 shows both the 1993 EOR and
1978 EOR oil production rates whereby
the 1993 EOR bump has been moved
earlier in time, giving a production rate
increase from 1978 onwards. The 1978
EOR effect in Fig. 4a is to push the re-
coverable reserves limit forward in time.

Moving the EOR effect earlier in time
does not add reserves but adds financial
value. The recoverable reserves from
both 1993 EOR and 1978 EOR models
are shown in Fig. 4b. The exponential
decline in this figure indicates nearly 23
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Fig. 6

million bbl of recoverable reserves.

The discounted cumulative profit
comparison between 1993 EOR and the
1978 EOR model in Fig. 4c largely re-
flects the cumulative oil production pro-
files. Approximately $9 million extra
profit is available from the 1978 EOR
events and at an earlier time than the
1993 EOR events. The 1978 EOR model
produces more revenue sooner, which
increases the time value of money. The
oil and gas prices were held constant at
$10/bbl and $1.80/Mcf during this
analysis, and the discount rate used was
10%.

The production growth realized by
the early EOR is seen in Fig, 5a. The
growth between 1993 EOR and 1978
EOR averages about 100% between 1980
and 1990, again reflecting the time value
of money. The impact of choosing a dif-
ferent year than 1978 as the EOR event
year is shown in Fig. 5b. Here the EOR
year has been started between 1976 and
1993, and the field life computed based
on an economic limit of 50,000 bbl/year
(the production rate in 1992). Now we
see that applying EOR in 1993 implies a
field life of 35 years, but applying EOR
in 1978 implies a field life of 22 years,
which represents a tangible saving of 13
years in operating costs for the same oil
volume. This cost saving is not usually
reflected in cost-per-barrel calculations.
Of course this modeling has been done
for only one of the reservoirs being pro-
duced, but the conclusion reached thus
far is that EOR can be evaluated as an
ROCE proposition.

The time value of money must be in-
cluded to truly reflect the balance be-
tween profit, profit per barrel, and cost
per barrel. In addition, early EOR adop-
tion realizes significant additional cost
savings. Hence applying an EOR tech-
nology such as 4D seismic with a second
or subsequent survey scheduled for ac-
quisition as soon as the production
plateau is reached potentially maximizes
the profit even if it results in no addi-
tional reserves being discovered (an un-
likely scenario in our experience). [t even
results in cost savings because the oil is
delivered to market early.

Overall economic effects

Other produced fluids are important
to the economic analysis as well since
they affect both revenue and cost.

Using the fluid-model descriptions
discussed above, we modeled the 1978
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EOl\ total fluid productions as shown in
Fig. 3. The water production now shows
a large bump between 1982 and 1989,
which is the result of the oil-driven
water cut and increased oil production
in those years,

The total fluid peak occurs in 1983
and is higher than the oil production
peak by more than 50%. This illustrates
that the facilities design for a field must
include enough capacity to handle these
fluid volumes cheaply, hence the need
for an acceptable water-cut model to
make future predictions so that costs can
be properly contained in the ROCE
model. In addition, account must be
made for the added fluid volumes from
late EOR. The total fluid production
from the 1993 EOR management has
peaked higher than the 1978 EOR model,
but this is a characteristic of all-out fluid
production near the end of a reservoir’s
life.

Additional water volumes from one
reservoir may be offset by lower vol-
umes from the other reservoirs in the
field, precluding the addition of extra
processing facilities. Whole-of-life field
economics means all the reservoirs in a
field over the field lifetime and may
even include neighboring fields that ex-
ploit hubbing as a way of maximizing
fluid handling across the group of fields.

EOR practices such as 4D seismic that
indicate preferential fluid-flow pathways
and water-fingering, as shown in Fig. 6,
assist in controlling the increasing water
production through optimized infill
drilling programs. Water production
plays a significant role in determining
field abandonment time, and operators
may resort to using EOR to partly offset
these increasing costs through increasing
oil production. This philosophy hides the
real economics of the advantages of per-
forming early EOR backed by an eco-
nomic analysis of whole of field life.

The economics of oil field production
must consider not only cost reduction
but also profit per barrel and volume of
barrels predicted over the whole of life
for the field.
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CHANGE COMING
FOR THE ‘UPSTREAM
EXPLOITATION MACHINE’

Roger Anderson Columbia Umversxty New York
Dave deya:d Contmuum Resources  Houston

: e producl:lon, reflmng, and |
distribution of oil and gas are
_not ordinarily thought of as a

manufacturing processes. However,
recent years have produced a won-

derful ‘explosion of technological im-

provements that make the oil and gas
“factory” run more efficiently. Indi-
vidual exploitation improvements

~such as 3D and 4D seismic, full tensor

gradiometry, and multilateral com-
pletions, to name a few, have driven
growth in production that, until the
recent price collapse, accounted for
impressive earnings-growth improve-
ments for the whole industry in the
1990s.

Though ultimately charged w:th
making most of the profit for energy
companies, this upstream exploitation
machine still does not perform opti-
mally in very low price environments.
One reason is that it costs money to
make more money using advanced
technologies, and companies simply
may not have the profit margins to
make this investment until the price
rebounds and stays reasonable for
many, many months. It is, however,
possible to apply several of the new
exploitation technologies in sound fi-
nancial ways that make sense even in

today’s recovering oil patch.

In the manufacturing world out-

side of oil and gas, price pressures

have resulted in just such smart-appli-
cations of new technologies, some-
times with company-saving results.
Reengineering and continuous-im-
provement revolutions were intro-
duced precisely at times of low mar-
gin and profit crises in industries as
diverse as autos (led famously by
Toyota), computers (from Intel to
IBM), the military, and aerospace con-
tractors. However, it is easier to man-
ufacture cars under factory roofs, or
chips in sterile cleanrooms, or gaso-
line in refineries, for that matter, than
it is to manufacture oil and gas in the
sprawling underground' outdoors of
the entire globe.

~ Why must this transition to more
efficient manufacturing propagate to
the oil and gas business? Because
there still is room for a company to
differentiate its business performance
relative to its peers because opera-
tional costs are still too high. The
world energy business is a mature in-
dustry that has more than $10 trillion
of net present value, yet performance
from company to company, by any
measure of Wall Street business met-
rics, is all over the map.

For example, the three-way consid-
eration of net: present value of re-
serves (NPV), return on capital em-
ployed (ROCE), and reserves replace-
ment (growth) shows no clear trends
(Fig 1). The industry performs incon-
sistently when measured by these
metrics. How can this be when the oil
service companies provide a world-
wide datum of quality technologies
that are available to all in the busi-
ness, for hire? These technologies are
of both high technical quality and
utility. Good technologies are avail-
able to all, yet performances are scat-
tered. Why?

We believe this to be a strong indi-
cator that the problem lies in the suc-
cessful execution of new technologies
in ordered, planned, monitored, cost-
effective ways that constantly im-
prove the manufacturing process.
The likely reason that new technolo-
gies available industry-wide do not
level the upstream performance field
is perhaps that there are significant
communications and logistics gaps
within companies that hinder their
manufacturing efficiency in ways
unique to each company.

Thus, there is a wonderful oppor-
tunity. for market differentiation if
one company can master what other
companies-are having trouble with. In
fact, we can %te the change coming.
The oil industry is just now emerging
from common practices that required
the keeping of paper records of all of
the business, disseminated largely by
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A THREE-WAY LOOK AT INDUSTRY PERFORMANCE*

Fig- 1

Tue)

have always been
done. The infor-
mation supply,
asset tracking,
computer-aided
manufacturing,

By
o2 :
=] portfolio man-
] agement, busi-
===".=f ness simulation,
o imiza-
““1§'.= and optimiza

tion loops neces-
sary for continu-
ous improve-
ment do not yet
exist in the man-
ufacture if oil
and gas.

ples today of lo-
cations around

"Net present value (NPV) of reserves, return on capital
employed (ROCE), and reserves replacement (growth).

the globe where
the oil industry

A NETWORK FOR FUTU

PWATER PRO

: does not get
f9-2 - giant and super-
giant projects ex-
ecuted correctly
from the begin-
ning. Conse-
quently, we
spend enormous
resources fixing
the plant, or the
drilling plat-
form, or the
pipeline, or the
oil well on the fly
and after break-
down has hap-
pened. The
modern oil field
is just too com-
plicated a place
to continue to
manage in such
an ad hoc way.
But change is

telephony (albeit by faxes and cell
phones). Computers and accounting
systems such as SAP AG have recent-
ly replaced the record-keeping, ac-
counting, and payroll maintenance
with an electronic enterprise system.

While a few scattered attempts
have been made to make overall effi-
ciency improvements in the E&P
manufacturing business, no enter-
prise-wide redesign or reengineering
of the structure of the exploitation
business has occurred since the com-
puter revolution that we are aware of.
One of the primary reasons is likely
that the industry lacks the systematic
understanding of what tasks are real-
ly creating bottlenecks and choke
points over time.

Many E&P activities are done sim-
ply because that’s the way they
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coming, and a
new paradigm it will be! It is, in fact,
in times of economic crisis that such
paradigm changes occur in most in-
dustries. In hard times, improvement
in the manufacturing process is a re-
quirement in order for any company
to survive, whether you produce oil,
steel, or hamburgers.

So what will be required in order
to address bottlenecks in the manu-
facture of oil and gas? Massive
amounts of data must be continuous-
ly collected, transmitted, and used ef-
fectively in near real-time over remote
communication links. Data must be
gathered from sensor networks that
are making the relevant measure-
ments of appropriate physical attrib-
utes that must be controlled in ALL
assets critical to the successful execu-
tion of the company’s business plan,

There are
abundant exam-
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whatever and wherever that may be.

Computation, simulation, and vi-
sualization will be similarly distrib-
uted across the emerging global,
high-bandwidth, information infra-
structure. We believe that operations
will be steered at distributed control
centers by remote personnel who are
comparing simulations (model pre-
dictions) of what is expected to be oc-
curring, with observations coming in
live from the field of what is really
happening in the E&P manufacturing
business. And the monitoring tasks
will be passed around the globe
among virtual team members who
work with the sun (Fig. 2).

The upstream oil and gas business
requires more than just communica-
tions improvement. At the often low
commodity prices of today, the mod-
ern energy company has significantly
different infrastructure needs to those
that served adequately in the high-
priced days of old. And change must
begin with the questioning of the un-
derlying assumptions of the E&P
manufacturing process itself. The in-
dustrial change that this challenge
sets off will be every bit as all-encom-
passing and difficule=as that experi-
enced by auto workers more than 20
years ago, but oh the results will be
wondrous. .
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