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PRESSURES ADJUSTED TO DATUM OF +370' ABOVE SEA LEVEL
FOR THE
JUNE 1987, NOVEMBER 1987 AND FEBRUARY 1988
OCD-ORDERED PRESSURE SURVEYS: GAVILAN — WEST PUERTO CHIQUITO

H:nammmon»o:mnmUmm»oamﬁmﬁmOmm:m;mmmmsozw:moo:,\mnmwQHOmsomm:n,mmwnmmmcnmmwoam...cEOm
+370 feet above sea level. .

A pressure from the survey is selected near the depth of the top of the B zone; and this pressure
corrected by wellbore fluid- density to the top of the B zone. From this point the pressure is
corrected to datum using the vertical distance from the wellbore intersection with formation (top of
the B zone) to datum using formation fluid density as shown on the sketch on the facing page.

The reservoir density is unknown. Adjustments to -datum were used employing three different
reservoir densities:-

1. Density of mobile fluids (GOR converted to formation temperatures and pressures).
2. B-M-G's best estimate for reservoir density based on pressure.

3. B-MG's estimate of maximum reservoir density.

These reserwoir densities are described on the next two pages.
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RESERVOIR FLUID DENSITIES .
GAVILAN - WEST PUERTO CHIQUITO BOUNDARY AREA

In some reservoirs the density for adjusting pressures to datum is simply the density of the
continuous non-wetting phase. For example the gas cap area in the Canada Ojitos Unit has a density
of the gas down to the effective gas-oil contact. Below that, in same areas, the density is that of
oil. The location of the gas-oil contact is E._Sos? so this camplicates Eam, analysis.

For Gavilan and the Uogmmnm area with zmmn Puerto Chiquito, the problem is different; but still
indefinite when the conditions are such that pressures are substantially below the bubble point and
"produced GOR's substantially above the solution GOR. For these times, which includes the OCC-
ordered pressure surveys of June and November 1987 and February 1988, B-M-G estimated reserwoir
densities as shown herein. :

The different reservoir fluid densities which B-M-G used in converting measured pressures to datum
are shown on the graph on the facing page. The densities recommended by B-M-G are arbitrary
estimates that might help in using the data. The main point to be made here, however, is that the
densities are unknown - and recognition made of the possible attendant errors. The various
densities are described below.

Upper curve:

This curve B-MG believes would be the probable maximum density. This is the density which would
occur if the reservoir were expanded from one @nmmmcnm to the next A<\<m>e as given by reservoir
fluid samples).

Lower solid line:
This is the density if the reservoir contained only gas (gas gradient).

Dotted curve:
This is the density for the m%noxpamﬁm average GOR which has accompanied the oo:mmmo:&:m pressure
in Gavilan (density of mobile fluids). (The GOR is oonverted to density at reservoir conditions of

temperature and pressure.)

Two dashed lines:
‘These are B-M-G's recommendation for use in converting pressures to datum until more precise

‘information is available,

(One of the problems in estimating reservoir densities is that they probably are not uniform across
the reservoir - particularly the top structure, high GOR wells in Gavilan, where the reservoir
density will approach that of gas.)
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em--—-------=------ - DRESSURE DIFFERENCES wmﬁﬁmzmﬁawm\r“

Pressure differences between surveys are shown on the schedule on the facing page.

The reduction of errors by using pressure declines in a given well for analysis, rather than
absolute pressures can be seen, for example, in the figures for the Mesa Grande Bearcat in which a
20 psi difference exists for a given survey as a oconsequence of the different estimated reservoir

densities. Yet the difference, fram one survey to the next, is nearly the same. _Ec:mnozo,\macmf
1 psi difference in decline.) :



PRESSURE INFORMATION
FROM OIL CONSERVATION DIVISION ORDERED PRESSURE SURVEYS
OF
JULY 1987, NOVEMBER 1987 AND FEBRUARY 1988

The most useful data gathered from the pressure surveys is that of pressure decline in an individual
well; and this campared with pressure declines in other wells.

Absolute pressures measured are useful only in a general sense - and certainly cannot be used for
estimating pressure gradients horizontally across the reservoir except for large pressure
differences and interpretations made in a general fashion.

The reasons for this are the inherent errors described in Case 9111, B-M-G Exhibit 1, Section G,
Pages 6 and 7, and summarized below:

1. Error of bomb calibration.

2. Error of hole deviation.

3. Error of depth as shown by wireline.
4. Error of surface elevation.

5. Error of density of reserwvoir fluids.

If the same pressure measuring equipment is used on the same wells from one survey to the next, then
the first four of the above errors are eliminated; and there is only the mpmmmnm:omm in
stabilization and change in density of reservoir fluids from one survey to the next to cause an
error in the pressure decline measured fram one survey to the next.

As to these two matters: stabilization and reservoir fluid densities, the errors from these sources

“are also minimized where the pressure difference in a well from one period to the next is used,

rather than comparing pressures across the reservoir. The reason that stabilization errors are
minimized is that - comparing the same shut-in time for both surveys - the error is not the total
difference in the measured pressure and the stabilized pressure, but the difference in stabilization
in the same well from one survey compared to the next. By the same token, even though reservoir
densities might vary substantially wsnocm:ocn the field, the change in reservoir am:mwﬂm at one well
location fram one mcn<m< to the next is probably minimal. -

Although Hmnmm pressure differences exist across the reservoir, the pressure declines within certain
identified areas were quite consistent. The different decline rates for the different areas appear

to be the consequence of external pressure support. These pressure declines, summarized by well
groups, are set out on the following page. Wells listed are those that were surveyed in all three
survey periods using Uoﬁuos hole pressure gauges for measurement of pressures.
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- PRESSURE. INFORMATION
FROM OIL QONSERVATION DIVISION ORDERED PRESSURE SURVEYS
oF
JULY 1987, NOVEMBER 1987 AND FEBRUARY 1988

LOW PRODUCTION RATES ARE MORE EFFICIENT FOR THE CANADA QJITOS UNIT

Information fram the subject surveys is most useful in analyses involving pressure decline (as
opposed to absolute pressures). The test period from July to November resulted in a large enough
pressure decline to be definitive. The test period from November 1987 to March 1988 was too short
and pressure declines too small to assess behavior in all wells as accurately as might be desired
for conclusive answers; however this survey data, along with supplementary information, points to
more efficient recovery from the Canada Ojitos Unit of the West Puerto Chiquito Pool when produced
at low rates as opposed to high rates.

As shown on the facing page, the recovery coefficient for the proposed expansion area of the Canada
Ojitos Unit in terms of stock tank barrels of oil recovered per pound of reservoir pressure decline,
is higher for production rates under the current allowable as compared to the high production rates
of the last half of 1987.

On the following pages are sumnaries and details of the pressure surveys, along with information
that points out the virtue of using pressure declines for analyses as opposed to absolute pressures
because of the inherent errors of the absolute pressures.
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