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INTRODUCTION

Hydrocarbon systems found in petroleum reservoirs are known to exhibit
multi-phase behavior over extremely wide ranges 'of pressures and
temperatures. Two phases have been found to exist at temperatures as
low as =250°F. and as high as 1000°F., or more. With todays deep
drilling, two—-phase reservoirs at pressures in excess of 15000 psi are
not uncommon. The molecular compositions of the gas and liquid phases
in a reservoir rock are different, and hence the physical properties of
the phases differ. This difference in phase properties, along with the
relative permeability characteristics of the reservoir rock, cause the

complex behavior of hydrocarbon reservoirs.

Hydrocarbons, of course, are molecules consisting of carbon and hydrogen
atoms. The complexity of hydrocarbon mixtures may best be understood
through the extremely large number of unique hydrocarbon molecules.
Hydrocarbon molecules have traditionally been referred to by the total
number of carbon atoms within the molecule. Methane is Cl, Ethane is
C2, Propane 1is C3, etc. For each of the first three carbon numbers,
there is one possible configuration of the molecule. There are two
possible configurations for C4. There are three for C5. There are
eight for C6, By the time you reach Cl0, there are 75 possible config-
urations. By the time you reach C30, there are an estimated 1 to 3
billion possible configurations of the hydrocarbon molecule. When you
consider that virtually every naturally occurring hydrocarbon system
contains some C30, the complexity of hydrocarbons comes into focus a

little more clearly.



The phase behavior of hydrocarbon systems takes on a higher degree of
complexity when you consider that the variables of pressure and
temperature must now be added to the problem. To circumvent some of
the complexity, we will begin a stepwise discussion of phase behavior
of hydrocarbons:

1) First we will discuss a pure component.

2) Secondly, we will discuss a binary, or two-component system.

3) Lastly, we will discuss several generalized multi-component

systems.

Notes:
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Figure 1 is the pressure - temperature diagram for pure ethane. At
pressures and temperatures above and to the left of the curve, ethane
is in the liquid phase. Below and to the right of the curve, ethane is
in the vapor phase. The curve is both the bubble point locus and the

dew point locus. C is the critical point.

Critical Temperature — The critical temperature of a pure component is

defined as the temperature above which two phases cannot exist, regard-

less of the pressure on the system.

Critical Pressure = The critical pressure for a pure component is that

pressure above which vapor and liquid cannot exist in equilibrium.

Notes:
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Figure 2 is the pressure - temperature diagram for a mixture of 96.83
percent ethane and 3.17 percent normal heptane. At all pressures and
temperatures outside of the phase diagram, the mixture is single phase.
At all pressures and temperatures within the phase diagram, the mixture
exists in two phases. Line A-C is the bubble point locus and B-C is

the dew point locus. C is the critical point.

Critical Point - The critical point for a multi-component mixture is

the point at which all intensive properties of the gas and liquid phases
are equal. Intensive properties are properties that are independent of
the amount of fluid. Some intensive properties are: density, pressure,

temperature, viscosity, surface tension, and composition.

Cricondenbar (a---a) - The cricondenbar is the maximum pressure at

which two phases can exist in equilibrium.

Cricondentherm (b---b) - The cricondentherm is the maximum temperature

at which two phases can exist in equilibrium.

Notes:
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Figure 3 is the pressure-temperature diagram of a hypothetical mixture.
The dashed lines within the phase diagram are called quality lines.
They describe the pressure and temperature conditions for equal volumes

of liquid. Note that the quality lines converge at the critical point.

Assume we have a reservoir fluid with the characteristics described by
the phase diagram in figure 3. Also assume that the reservoir tem-—
perature is Tr as shown at the left side of the phase diagram. If we
were to measure the liquid volumes as we lowered the pressure we would
measure a liquid shrinkage curve as illustrated in figure 4. Note
that the quality lines are approximately equally spaced. The liquid
shrinkage curve approximates a straight line except at very low pres-—
sures. This behavior characterizes what is commonly called an ordinary

black oil.

Notes:







Figure 5 illustrates the phase diagram of a reservoir fluid with the
reservoir temperature near but below the critical temperature. Note
that the quality lines are very close together near the bubble point.

At lower pressures they are spaced wider.

Notes:
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Figure 6 is the liquid shrinkage curve of a near critical oil. These
0oils are called volatile oils. They are characterized by a high liquid
shrinkage immediately below the bubble point. Depending upon the
position of the reservoir temperature relative to the critical tem-
perature, the liquid shrinkage curve may have curvature varying from
that of a black oil to that of a volatile oil. There is no sharp
demarcation between a black o0il and a volatile oil. Volatile oils
will generally have an API gravity above 40 degrees, a gas-oil ratio
above 2000-2500 cubic feet per barrel and a separator formation volume

factor in excess of two.

Notes:
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Figure 7 is the liquid shrinkage curve of a very near critical oil.
The liquid may shrink from 100 percent of the hydrocarbon pore volume
at the bubble point to 55 percent or less at a pressure 10 to 50 psi

below the bubble point.

Notes:
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If the reservoir temperature is near but higher than the critical
temperature, as in Figure 8, the reservoir fluid will be a gas-conden-—
sate. Note that as the pressure is reduced at the reservoir tempera-
ture, the zero percent quality line is intersected first. The ten,
twenty, thirty, forty and fifty percent lines are crossed very rapidly.
Note that as pressure is reduced, several of the quality lines are
crossed a second time. Figure 9 is a plot of the liquid curve obtained
if liquid volume is plotted versus pressure. This is called the retro-
grade liquid curve. Note the very rapid liquid build up immediately
below the dew point. At the pnint where the liquid ceases to build up
and begins to shrink again, the reservoir goes from the retrograde

region to a normal vaporization region.

Notes:




Figure 10 is a gas-oil relative permeability curve. The curve will be
used to solve a producing GOR problem for a volatile oil that has
recently dropped below its original bubble point pressure. For this
example, lets say that the fluid had an original bubble point pressure
of 6000 PSIG, and at this point the fluid had the following physical

characteristics:

Py = 6000 PSIG

Rg = 3000 SCF/STB

My = 0.10 centipoise
Bo = 3.0 RVB/STB

Further, let us assign the following properties to the producing gas

and liquid phases at 5950 PSIG, only 50 PSIG below the original bubble

point pressure:

5950 PSIG

2000 SCF/STB

0.12 centipoise

2.0 RVB/STB

0.048 centipoise

B, = 0.00066 RVB/SCF

So = 0.55, based wupon the hydrocarbon pore volume only

Ph

= ™
| o
wowonouon

The producing gas-oil ratio may be calculated by the formula.

K B
R=_K x Y 4, 04 R
Ko Mg  Bg s
First, we must determine Kg/Ko from the curve provided. In order to do

this, we need to know the total liquid saturation. Assuming a connate

water saturation of 0.20 (for the purpose of this problem), and convert-—



ing the oil saturation to total pore volume (rather than hydrocarbon pore

volume), we have:

St = 0.20 + (1-0.20)(0.55)
0.64

For the relative permeability curve provided, we can pick off a Kg/Ko =

3.0. Solving for producing gas-oil ratio:

0.12 2.0

R =3.0x 0.048 * 0.00066

+ 2000

24700 SCF/STB

Notes:
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The producing gas—oil ratio determined in the preceding problem would
be correct if all of the material that left the reservoir as gas phase
stayed in the gas phase. In fact, the gas phase produced from a volatile
0il reservoir is an extremely rich gas phase, and substantial amounts
of this gas will condense into the liquid phase as it is produced to
the surface. The net result is that the producing GOR for a volatile
0il will increase somewhat as the fluid is produced below its original
bubble point, but not as rapidly as would be indicated by the producing
GOR formula, which is normally used for black oil material balance
calculations. Figure 11 is a statement of performance predictions for
a volatile oil reservoir, using both the conventional black oil and the
volatile oil material balance approaches. These results were published
by Jacoby and Berry in the AIME Transactions of 1957. The comparison
indicates that the volatile o0il material balance, which is a composi-
tional treatment based upon a constant volume depletion of the reservoir
fluid, achieves a much closer match to the actual performance of the

reservoir during pressure depletion.

Notes:
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Figure 12 illustrates the pressure—temperature diagram of a reservoir
fluid where the reservoir temperature is located at the far right hand
side of the diagram, but still below the cricondentherm. If we draw a
pressure depletion slice through the diagram, and translate this slice
on to a graph of liquid volume percent versus pressure, Figure 13 would
be the result. Figure 13 is a retrograde liquid curve for a typical
lean gas—-condensate system. Such a fluid might have a surface yield of
about 30 barrels of stock tank condensate per MMSCF of separator gas.
Figure numbers 9 and 13 serve to illustrate that gas-condensate fluids
have been found to exist that deposit anywhere from trace amounts (less
than 0.1 percent) to approximately 55 percent retrograde condensate

durinyg pressure depletion of the reservoir.

Hotes:
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Figure 14 looks similar to the pressure-temperature diagrams that we
have been examining, but the X-axis has been changed from temperature
to gas-oil ratio. As would be expected, the oil systems will be located
at gas—oil ratios to the left of the critical GOR, while the gas systems
will be located to the right of the critical. Figure 15 tabulates
typical solution (single-phase) gas-oil ratios for various types of
hydrocarbon systems. Based upon this table, the critical solution GOR
would be about 3000 SCF/STB. Both the wet gases and dry gases would
exist at gas-oil ratios to the right of the 0 percent quality line on
Figure 14, This means that both would remain single-phase gas in the
reservoir during pressure depletion. The wet gas (but not the dry gas)
would have some condensation to liquid phase occur as the fluid is

produced to the surface.

Notes:
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Figure 16 1illustrates the relative relationship of the pressure-
temperature diagrams for a typical oil system and the gas cap associated
with that oil system. The significant point to be made is that when an
0oil system exists in intimate contact with an associated gas cap, the
bubble point pressure of the oil will be equal to the dew point pressure
of the gas cap. tIoreover, both of these values will be equal to the

static reservoir pressure at the gas-oil contact.

Notes:




INTRODUCTION

Reservoir fluid analysis provides some of the important basic data
necessary to the petroleum engineer. The fluid studies performed by a
competent PVT laboratory are such that precise quality control can be
maintained through the use of accepted analytical procedures, data
evaluation techniques and a series of built-in quality control checks.
The overall quality of the study and the subsequent engineering
calculations based upon that study can unfortunately be no better than
the quality of the fluid samples originally collected during the field

sampling process.

Having thus established that the activities surrounding the sampling
process are the entire basis for a successful reservoir fluid analysis,
we can now take a look at the recommended well conditioning procedures
that should preceed the actual collection of the samples. Following
the discussion on well conditioning, we will examine the two basic
methods of sample collection: subsurface (bottomhole) and surface

(separator).

Notes:




WELL CONDITIONING

The well conditioning procedure is a part of sampling that is extremely
important, but often neglected or completely ignored. The pressure
drawdown associated with normal production rates will cause two-phase
flow near the wellbore, if the fluid in the formation was initially
saturated or only slightly undersaturated. Relative permeability
effects may then cause the material entering the wellbore to be different
from the original reservoir fluid existing at the boundary of the

drainage area.

The problem of drawdown in a saturated reservoir cannot be avoided,
therefore the purpose of well conditioning is to reduce the pressure
drawdown by reducing the flow rate to the lowest possible stable rate.
At the lower flowrate, the fluid entering the wellbore will now more
closely approximate the reservoir fluid. This desired change will occur

quickly if the involved drainage area is not too extensive.

Figure 1 is a schematic representation of a saturated reservoir (P} =
P.) penetrated, at the left, by a wellbore. Superimposed is a curve of
pressure distribution as a function of distance from the wellbore,
assuming normal flow rate. At this normal flow rate, the flowing
bottomhole pressure would be Pgy and the fluid entering the wellbore
would be saturated at this pressure, rather than P,, the pressure at
the drainage boundary. By reducing the flow rate substantially, much
of the excess gas saturation around the wellbore can be removed, the
flowing bottomhole pressure elevated to Pf2, and the fluid entering the

wellbore will more closely approximate the reservoir fluid existing at
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the drainage boundary. The pressure distribution curve in the saturated
reservoir associated with the period of reduced flow rate is shown as

the dashed line in Figure 1.

Figure 2 is a schematic representation of an undersaturated reservoir
(Pp < Py) penetrated, at the left, by a wellbore. Again, a curve of
pressure distribution versus distance from the wellbore has been
superimposed, assuming normal flow rate. Note that free gas saturation
does not occur until that point where the pressure distribution curve
drops below the bubble point pressure, Pp. The conditioning process
for the undersaturated reservoir is identical to that employed for the
saturated reservoir. By reducing the flow rate, we can raise the
flowing bottomhole pressure from Pf] to Pgp. If Pgy happens to be
higher than the bubble point pressure (Pp) of the fluid, the free gas
saturation around the wellbore can be completely eliminated, and fluid
identical to that existing at the drainage boundary will enter the

wellbore.

The fluid sampling method to be used dictates the remainder of the
conditioning process. If bottomhole samples are to be collected, the
period of reduced flow rate will generally last from one to four days,
depending upon formation and fluid characteristics, and the drainage
area affected. After this reduced flow rate period, the well would be
shut-in and allowed to reach static pressure, The shut-in period would
generally last from one day up to a week or more, based primarily upon
formation characteristics. For the case of the saturated reservoir,

the shut-in period has the resultant effect of forcing gas into solution




DRAINAGE AREA

UNDERSATURATED RESERVOIR
FIGURE 2



in the oil, thus raising the saturation pressure. In some cases, the
desired value of Pp is obtained; however in most cases this value is
only approached and the final difference is a function of well
productivity, production rate and fluid properties. At the conclusion
of the shut-in period, the well would be properly conditioned and

ready for bottomhole sampling.

If separator gas and liquid samples are to be collected, the gas and
liquid rates must be monitored continually during the period of stable
flow at reduced flow rate. A minimum test of 24 hours is recommended,
but much longer may be needed if the pressure drawdown at the formation
has been high. At the conclusion of the stabilized low flow rate
period, with accompanying gas and liquid rate measurements, the well
would be properly conditioned and ready for the collection of separator

samples.

Notes:




SUBSURFACE SAMPLING

It would be worthwhile to note the limitations of subsurface fluid
sampling, at this point. Subsurface sampling is generally not recom-
mended for gas-condensate reservoirs, nor for oil reservoirs producing
substantial quantities of water. The liquid phase standing in the tub-
ing of a shut-in gas—-condensate reservoir would definitely not be
representative of the reservoir fluid. A large water column standing
in the tubing of a shut-in oil reservoir would prevent sampling at the
proper depth, and could create a situation where the collection of

representative subsurface fluid would be impossible.

Water frequently stands at the bottom of the hole, even in wells which
normally produce no water. For this reason, a static pressure gradient
should be run and interpreted to determine the gas-oil interface and
oil-water interface in the tubing. Figure 3 is the interpretation of a
typical static pressure gradient. In the actual run of the bottomhole
sampler, care would be exercised as the sampler is lowered through the
gas—oil interface. Lack of due care could result 1in the premature
tripping of the mechanism that closes the valves at the top and bottom
of the sampler. A non-representative sample would be the result of
early closure of the valves. Also, the sampler should not be lowered
below the oil-water interface, as a reservoir water sample would be

collected as a result of this action.

Core Lab uses the Wofford type bottomhole sampler in all of its

operations. Some of the internal schematics for this instrument are
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shown in Figure 4. The sampler is approximately six feet in length and
1-1/2 inches in diameter. The sampler is lowered into the well on a
standard (0.072 inch) wireline. A typical schematic of the sampler
lowered into a well may be seen in Figure 5. The bottomhole sampler
is assembled with one of two types of devices to activate the trigger
that closes the valves on both ends of the sampler: a jar head or a
clock head. The jar head, which is used for most applications, is
activated by imparting a sharp snap to the wireline at the surface.
In applications where this jarring effect is not possible, such as
heavy crude reservoirs and deviated holes, the clock head mechanism is

used.

After the sampler has been lowered to a point adjacent to the producing
formation (but never below the final tubing stop or the oil-water
interface), the valves on the sampler, which heretofore have been open,
are closed by either the jar head or the clock head mechanism. The
trapped sample is then brought to the surface, and a transfer head is
attached to the sampler. The ambient temperature bubble point of the
fluid is then measured by attaching one valve of the transfer head to a
mercury pump, injecting increments of mercury into the sampler, with
each injection followed by an agitation of the sampler and a recording
of equilibrium pressure. A plot of mercury injected versus sampler
pressure would indicate the bubble point pressure of the material in
the sampler (see Figure 6). After pressuring the fluid into single
phase, the second valve of the transfer head is attached to a high
pressure storage cylinder and the contents of the sampler are trans-—

ferred by gravity flow (see Figure 7)-




The sampler is run into the hole a second time and the entire process
repeated. The second sample should be transferred only if the ambient
temperature bubble points of the first two samples are with reasonable
agreement with one another. Usually this means that the two bubble
points are within 20 - 30 psi. If the bubble points are not within
generally accepted limits, more runs of the bottomhole sampler may be

required.

After two bottomhole samples with similar opening pressures and ambient
temperature bubble points have been collected and transferred, the
sampling procedure is complete. As a safety measure, Some mercury
should be drained from each storage cylinder prior to transit, and
plugs should be threaded into both valves of each storage cylinder.
Tags should be attached to the storage cylinders, labeling the samples
adequately. All pertinent well information, including reservoir tem-
perature and static reservoir pressure, should be forwarded to the

testing laboratory.

Notes:
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SURFACE SAMPLING

Surface sampling, also referred to as separator sampling, has somewhat
wider applications than subsurface sampling. Separator sampling is the
only recommended way of sampling a gas—condensate reservoir, but in
many cases can be used with good success for oil reservoirs, as well.
The keys to successful separator sampling are threefold:

1. Stable production at a low flow rate,

2. Accurate measurement of gas and liquid flow rates, and

3. Collection of representative samples of first stage gas and

first stage liquid.
For the purpose of our discussion, let us assume that step (1) has been
accomplished, through experimentation with different size surface
chokes. Tncidentally, the low stabilized flow rates that we have
referred to will generally not exceed 100 barrels of oil per day for
oil reservoirs, or one MMSCF of separator gas per day for gas-condensate
reservoirs, unless the reservoirs are known to have high deliverabil-
ity. Also, let us assume that proper equipment is in place to achieve
separation of the full stream into gas and liquid phases and measurement
of these phases by generally accepted techniques. Gas measurement will
usually be accomplished via a properly engineered meter run, with the
meter pressure range and the orifice plate size selected so that all
measurements will fall between 20 and 90 percent of the maximum range.
All factors pertaining to the gas rate measurement should be supplied
to the testing lahoratory. Liquid rate measurement may be made at any

point (i.e. primary separator, second stage separator, or stock tank),



but the point of measurement and the conditions existing between the
primary separator and the point of measurement should also be reported
to the testing laboratory. The gas and liquid rate information will be
used to further refine the gas rate measurement and to apply a separator

volume factor, if required.

Assuming that we have satisfied the first two of our three necessary
requirements, we are now ready to collect representative samples of
first stage gas and liquid. O0ilfield separators come in a variety of
configurations, two of which are shown in Figure 8. 1In the separator,
the well stream is separated into gas and liquid phases which then go
their separate ways. The compositions and relative amounts of gas and
liquid are dependent upon the well stream composition and the separator
pressure and temperature. By collecting samples of first stage gas and
liquid, and measuring the relative rates of production, we are phys-
ically able to reconstruct the producing well stream material in the
laboratory, utilizing a process referred to as a physical recombina-
tion. Although there are several methods of collecting gas and liquid
samples, we will discuss only those methods that are most highly recom-—

mended.

Before we start our discussion of the actual steps involved in the
sampling procedure, lets take a look at Figure 9, which will offer some
explanation for the procedures which will be outlined. The figure
shows the relative relationship of pressure-temperature diagrams for
separator gas and liquid samples. Note that the separator gas sample

will exist in two-phases at separator pressure and temperatures below



the separator temperature. For this reason, we recommend that the
purging method of gas sampling be avoided, especially when the ambient
temperature is below the separator temperature. Also note that the
separator liquid is at its bubble point pressure.at separator temper=
ature. This is the reason to avoid a pressure drop in the flexible
line and the liquid sample cylinder by slowly opening the cylinder

outlet valve during the liquid sampling procedure.

Notes:
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SEPARATOR GAS SAMPLING
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The EVACUATED CYLINDER method is recommended for all separator gas
sampling. This is by far the simplest way to get good gas samples.
The only disadvantage is that the gas sample cylinders must be thoroughly
evacuated before being taken to the field., The vacuum removes virtually
all air from the cylinder, and no excess liquid can accumulate in the

cylinder since there is no purging.

If no evacuated cylinders can be obtained, the PURGE method is the
second choice. Here the cylinders are filled with gas and then blown
down several times. This will remove the air, but may contaminate the

gas with heavy components.

Evacuated Cylinder Method

1. Evacuate all the gas cylinders and clean the sampling equipment
before going to the field.

2. On location, select the gas and liquid sample source valves and
remove all trash from them. Check both source valves by opening
them briefly.

3. Connect a clean flexible hose to the gas source valve and one gas
cylinder valve. See Figure 10,

4. Purge the hose, tighten the fittings, and open the gas source valve.

5. Fill the gas cylinder slowly by cracking the cylinder inlet valve.
You will hear gas flowing into the cylinder.

6. When the cylinder is full, close ALL the valves and disconnect the



cylinder. Leave the hose connected if more gas samples
or if liquid samples will be taken by gas displacement.
7. Plug both cylinder valves.

8. Complete the tag and attach it to the inlet valve.

SEPARATOR GAS SAMPLING

Syl

A =

are needed,

FIGURE 10



SEPARATOR LIQUID SAMPLING

The GAS DISPLACEMENT method is recommended for collecting separator
liquid samples. The cylinder is filled with separator gas, which is
then displaced from the cylinder by separator liquid at the separator
pressure. Since the pressure 1is not allowed to drop, the liquid

composition cannot change during the displacement.

The most widely used method of liquid sampling is the WATER DISPLACEMENT
method, in which separator liquid displaces water from the cylinder at
separator pressure. Either 1liquid sampling method is perfectly

acceptable.

Gas Displacement Method

1. Fill the liquid cylinder with gas, vent the gas, and fill it with
gas again.

2. Hang the cylinder upright in a convenient location.

3. Connect a clean flexible hose to the liquid source valve and the
cylinder inlet (lower) valve. See Figure 1ll.

4, Purge the hose, tighten the fittings, and open the liquid source
valve.

5. Open the cylinder inlet (lower) valve. No liquid can enter the
cylinder yet, since the cylinder is full of gas at separator
pressure.

6. Connect the tee-gauge-valve rig to the cylinder outlet (upper)
valve. Close the vent valve and open the outlet valve. The gauge

should read separator pressure.



7.

10.

Il.

Crack the vent valve and slowly bleed all the separator gas to the
atmosphere. Control the flow rate to prevent pressure drop on the
gauge.

When liquid shows at the vent valve, turn the cylinder upside down
and continue producing liquid. Watch for water. After water
production (if any) stops, close ALL the valves and disconnect the
cylinder, Leave the hose connected if more 1liquid samples are
needed.

TAKE OUTAGE by allowing a small amount of liquid to flash out of
the BOTTOM valve for about one second. This will not affect the
sample quality, but is a very important safety procedure. Taking
outage creates a small gas-cap in the cylinder.

Plug both cylinder valves.

Complete the tag and attach it to the inlet valve.

SEPARATOR LIQUID SAMPLING
BY GAS DISPLACEMENT

FIGURE 11




Water visplacement Method

10.

11

Fill the liquid cylinders with water.

Hang the cylinder upright in a convenient location.

Connect a clean flexible hose to the liquid source valve and the
cylinder inlet (upper) valve. See Figure 12,

Purge the hose, tighten the fittings, and open the liquid source
valve.

Open the cylinder inlet (upper) valve.

Connect the tee-gauge-valve rig to the cylinder outlet (lower)
valve. Close the vent valve and open the outlet valve. The gauge
should read separator pressure.

Crack the vent valve and slowly drain all the water from the
cylinder. Control the flow rate to prevent pressure drop on the
gauge.

When 1liquid shows at the vent valve, close ALL the valves and
disconnect the cylinder. Leave the hose connected if more liquid
samples are needed.

TAKE OUTAGE by allowing a small amount of liquid to flash out of
the BOTTOM valve for about one second. This will not affect the
sample quality, but is a very important safety procedure. Taking
outage creates a small gas—cap in the cylinder.

Plug both cylinder valves.

Complete the tag and attach it to the inlet valve.



SEPARATOR LIQUID SAMPLING
BY WATER DISPLACEMENT

FIGURE 12
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Extrapolation of Reservoir Fluid Data

In collecting fluid samples from oil wells, the possibility exists of
obtaining samples the saturation pressure of which may be lower than

the actual saturation pressure of the reservoir. This condition may be

due to either of two circumstances. Water in the tubing may have neces-
sitated sampling the well above the producing formation; or in the case of
low productivity wells, the drawdown at the base of the wellbore could not
be completely overcome during the well conditioning period prior to sampling.
If either of these conditions exists or if the reservoir pressure had de-
clined below the original saturation pressure prior to sampling, it is then
necessary for the fluid data to be extrapolated to the original saturation
pressure prior to its use in engineering calculations. In the case of a
reservoir with an original gas cap, the original saturation pressure is
normally chosen as the reservoir pressure at the gas-oil contact at the time
of discovery. If possible, extrapolation should not be over 10 to 15 percent
of the final saturation pressure.

Methods for carrying out this extrapolation are described on the following
pages.

Procedure

1. Pressure-Volume Relationship (V/Vsat vs. Pressure). The "Y" function,
(Ps - P/Pabs AV, is calculated for each point below saturation pres-
sure, Table 3. Ps is the measured saturation pressure, P is any pressure,
Pabs is P + 15, A V is the measured V/Vga¢-1. Points so obtained are
plotted against P, and the best straight line drawn through them, line A,
Fig. 1. Points in the neighborhood of Pg may be erratic and need not be
calculated above P/Ps = 0.9 as the line is determined by the points in
the middle pressure range, P/Ps = 0.3 to P/Pg = 0.9, The line is extended
through the new saturation pressure, Pg'. At desired pressures, points
are read from this line and new V/Vsat' values are calculated, Table 4.

To determine points above the new saturation pressure, Ps', points above the
old saturation pressure are plotted on an extended scale, line B, Figure 1,
and a line parallel to it drawn through V/Vga¢ = 1.0 at Ps', line C, Fig. 1.
Points for the desired pressures above Ps' are read from line C and entered
in Table 4. Relative volume points for the new saturation pressure Ps' are
then copied on the extrapolated reservoir fluid sample tabular data sheet,
Table 6.



T

Through the point on the extended viscosity curve at Pg', draw a
straight line parallel to C, line D, Fig. 4, Viscosities above the
new saturation pressures are then read from line D. The viscosities
are entered in column 3, page 6,

Separator Tests.

A. Stock Tank Gas-Oil Ratio and Gravity are not changed.

B. Separator Gas-Oil Ratio. The total gas-oil ratio is changed in
the same proportion as the differential ratio was changed. New
gas in solution is divided by original gas in solution. The
factor so obtained is multiplied by each total gas-oil ratio to
obtain the new total gas-oil ratio. The separator gas-oil ratio
1s the difference between the total gas-oil ratio and the stock
tank gas-oil ratio,

Example: B35 . 3 219
734

Tetal GOR = (1.219) (814+0) = 992
Separator GOR = 992-0 = 992

Tetal GOR = (1.219)(758+8) = 934
Separator GOR = 934-8 = 926

C. Formation Volume Factor Vsat/Vresidual
These values are changed in the same proportion as the change
in differential values. New V/Vr at Ps' from the extrapolated
differential liberation is divided by the original V/Vr at Ps.
The factor so obtained is multiplied by V/sat/Vy from the original
separator tests, to obtain the new formation volume factors.

Example: 1.496 . 1 049
1.426
1.049 x 1.475 = 1.547
1.049 x 1,431 = 1.501

D. Shrinkage Factor is the reciprocal of the Formation Volume Factor.

E. Specific Gravity of flashed gas is not changed.

Tables 6 and 7 now form a new set of reservoir fluid sample analysis
data for a saturation pressure equal to the previously selected 2817

PSI pgauge.
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TABLE 1

Reservoir Fluid SAMPLE TABULAR DATA (Measured)

DIFFERENTIAL LIBERATION @ 147 °F.

PRESSURE-VOLUME VISCOSBITY
PRESSURE @ Rl{.;;lo?:F 1‘2F7O.IL GAS/OIL RATIO GAS/OIL RATIO RELATIVE OIL
P OAUSE | meiarvevougme or | Ccanmwoisss | PR SaRReCor | mn damaeior | VQRAC
OIL AND GAS, V/Vear. RESIDUAL OIL RESIDUAL OIL
3500 0.9803 0.86
3400 0.9817
3300 0.9837
3200 0.9851
3100 0.9862
3040 0.80
3000 0.9883
2900 0.9897
2800 0.9913
2700 0.9926
2600 0.9945
2500 0.9961
2480 0.73
2400 0.9974
2300 0.9991
2248 1.0000 0 734 1.426
2223 1.0041
2201 1.0069
2184 1.0099
2164 1.0127
2110 1.0215 0.73
2055 1.0315
1982 1.0462
1955 91 643 1.382
1914 1.0609
1852 1.0757
1740 1.1055
1710 160 574 1.349
1570 1.1655 0.85
1455 236 498 1.315
13723 1.2563
1200 304 430 1.283
1189 1.3781
1130 0.97
1000 1.5617
955 380 354 1.252
828 1.8075

v = Volume at given pressure
vear. = Volume at saturation pressure and the specified temperature.

va == Residual oil volume at 14.7 PSI absolute and 60° F

'I‘hau analyses
is report s

f‘-uu Latoratories, lne and is officers and

| based obssrvatl nd tarial supplied by the client to whom, and for whoss exclusive and confldential use,
lnlona Bl g n;:l.od”- ooy I::nt lud:m’n%t of rCor. Laboratories, Inc. (all errors and omlssions excepted): bu

The interpretations or apinlou

repressnt th-

bility and make no warranty or

tations as to the productivity. proper opera-

tian, or proﬂtnbllm of any oil, gas or other mineral well or .nd in connection with which such report is used or relled upon.
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TABLE 1 (Cont'd)

Reservoir Fluid gAMPLE TABULAR DATA (Measured)

PRESSURE.VOLUME VIBCOSITY DIFFERENTIAL LIBERATION @ 147 'F.
PRESSURE 9 nf:i;“o“,: i GAS/OIL RATIO GAS/OIL RATIO |
g F e 147 ‘r. 4 RELATIVE OiL
el GauGE RELATIVE VOLUME OF c;,",por.“ PER BARREL OF PER BARREL OF b 7 bl
OIL AND GAB. V/Vaar. RESIDUAL OIL RESIDUAL OIL )
700 442 292 1.221
684 2.1154
560 1.28
540 2.6089
450 516 218 1.192
370 3.6900
201 6.5251
200 594 140 1.161
0 2.05 734 0 1.045
@ 60°F. = 1.000
Gravity of residual oil = 40.4°API @ 60°F.
v == Volume at given pressure

vsar = Volume at saturation pressure and the specified temperature.
va  —= Residual oil volume at 14.7 PSI absolute and 60° F.

based observations and material supplied by the client to whom, and for whose exclusive and confdential u
E;l}::.:o;::llyl:“mu ml’?‘:: :::'“i:pt:‘r&:‘:t‘io:: c:p’;.nlonl u‘:’:nud represent the best judgment of Core Laboratories, Inc. (all errors and omissions excepted): b
Core Laboratories, Ine. and ita officers and employees, Assume no responsibility and make no warranty or representations as to the productivity, proper opel
tion, or profilublensss of any oil. gas or other mineral well or sand in connection with which such report s used or relied upon.
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TABLE 2

SEPARATOR TESTS OF__Reservoir Fluid SAMPLE (Measured)

SEPARATOR SEPARATOR SEPARATOR | STOEK TANK | 8ToCK TANK SHRINNAGK !%%t;‘ugn sPECIFIC
PRESSURE. | TEMPERATURE. |GAS/OIL RATIO |GAS/OIL RATIO| GRAVITY FACTOR ety GRAVITY OF
PSI GAUGE v, * APl @ 80° F. VinfVaar ] FLABHED GAS
See Lot Note (1) |>ee bt Nure (1) sev Foot Note £ |=re Fant Note 1 1)
0 75 814 0 39.2 0.678 1.475 1.007
10 75 758 8 39.8 0.699 1.431
20 75 735 16 40.0 0.703 1.423
148 75 589 116 40.6 0.714 1.400

(1)  Separator and Stock Tank Gas/Qil Ratio in cubic feet of gas @ 60° F. and 14.7 PSI absolute per
barrel of stock tank oil @ 60° F.

(2) Shrinkage Factor: va/vsar is barrels of stock tank oil @ 60° F. per barrel of saturated oil @ ___2248
PSI gauge and _147 _° F.,

(3) Formation Volume Factor: vsar./va is barrels of saturated oil @ 2248 PSI gauge and _147 ° F. per
barrel of stock tank oil @ 60° F.

Thene analyses, inions or interpretations are hased on nhservations and material supplied by the client to whom, and for whose exclusive nnd cnnﬁdﬂxtul’ ul:i
this veport is made. The interpretationa nr opinions expressed represent the best judgment of Core Laboratories, Inc. (all errors and omissions excepted);
Gore Laboratorivs. Inc, and its officers and employees, assume no responsibility and make nn warranty or representations as to the produetivity, proper opera-
tion, ur profitablenesa of any oil, gas or other mineral well or sand in connection with which such report is used or reliml upon



CORE LABORATORIES, INC.
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TABLE 3

CALCULATION OF (Ps-P)/Pabs V

Pressure DA V= Ps-P
_PSIG Ps-P V/Vsat-1 Pabs Pabso V Pabs A V
2248 0
2223 25 0.0041 2238 9.2 2.72
2201 47 0.0069 2216 153 3.07
2184 64 0.0099 2199 21.8 2.94
2164 84 0.0127 2179 27.7 3.03
2110 138 0.0215 2125 45.6 3.02
2055 193 0.0315 2070 65.2 2.96
1982 266 0.0462 1997 92.2 2.88
1914 334 0.0609 1929 117.4 2.84
1852 396 0.0757 1867 141.3 2.80
1740 508 0.1055 1755 185.1 2.74
1570 678 0.1655 1585 262.3 2.58
1373 875 0.2563 1388 355.7 2.46
1189 1059 0.3781 1204 455.2 2,32
1000 1248 0.5617 1015 570.1 2,19
828 1420 0.8075 843 680.7 2.08
684 1564 1.1154 699 779.6 2,00
540 1708 1.6089 555 892.9 1.91
370 1878 2.6900 385 1035.6 1.81
201 2047 55251 216 1193.4 1. %1

These snalyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose exclusive and confidential use,
this report is made. The interpretations or opinlonl expressad repmnmt uu best judgment of Core Laboratories, Ine (all errors and omissions exceptad); Ill.lt
Core Laborstories, Inc. and its officers and bility and make no warranty or repressntations ss to the productivity, propsr opera-
tlon, or pmﬂubltnm of any oll, gas or other mlmrll well or nad In connection with which such report la used or relled upon.




CORE LABORATORIES, INC.
Petrolenm Reservorr Engineermg
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TABLE 4

PV EXTRAPOLATION

Pressure Pg'- Ps'-P Pabs AV Pabs AV V/Vsat'
PSIG (Pabs AV']
3500 0.9892
3400 0.9907
3300 0.9923
3200 0.9939
3100 0.9954
3000 0.9970
2900 0.9986
2817 1.0000
2800 3.458 17 4.916 2815 0.0017 1.0017
2783 3.445 34 9.869 2798 0.0035 1.0035
2761 3.430 56 16.327 2776 0.0059 1.0059
2724 3.406 93 27.305 2739 0.0100 1.0100
2688 3.380 129 38.166 2703 0.0141 1.0141
2658 3.357 159 47.364 2673 0.0177 1.0177
2611 3.325 206 61.955 2626 0.0236 1.0236
2563 3.291 254 77.180 2578 0.0299 1.0299
2514 3.258 303 93,002 2529 0.0368 1.0368
2444 3.208 373 116.272 2459 0.0473 1.0473
2372 3.156 445 141.001 2387 0.0591 1.0591
2260 3.078 557 180.962 2275 0.0795 1.0795
2098 2.967 719 242,332 2113 0.1147 1.1147
1852 2.791 965 345.754 1867 0.1852 1.1852
1740 2.744 1077 392,493 1755 0.2236 1.2236
1570 2.585 1247 482.398 1585 0.3044 1.3044
1373 2.460 1444 586.992 1388 0.4229 1.4229
1189 2.326 1628 699.914 1204 0.5813 1.5813
1000 2.189 1817 830.059 1015 0.8178 1.8178
828 2.086 1989 953,500 843 1.1311 2.1311
684 2.006 2133 1063.310 699 1.5212 2.5212
540 1.913 2277 1190.277 555 2.1446 3.1446
370 1.813 2447 1349.697 385 3.5057 4.5057
201 1,718 2616 1525.364 216 7.0619 8.0619




Pressure,
PSIG

3500
3040
2817
2480
2110
1570
1130
560
0

CORE LABORATORIES, INC.
Petrolewm Reservoiv Engineoring

DALLAS. TEXAS

TABLE 5

EXTRAPOLATION OF VISCOSITY

/(/ 1

0.86

0.73
0.73
0.85
0.97
1.28

2.05

1.37
1.18
1:03
0.78

0.49

1.63
1.51

0.70
0.64
0.61
0.66
0.73
0.85

0.97



Reservoir Fluid

CORE LABORATORIES, INC.
Petrolewm Reservoir Engineering

DALLAS,

TEXAS 73207

TABLE 6

SAMPLE TABULAR DATA (Extrapolated)

PRESSURE.VOLUME VISCORITY DIFFERENTIAL LIBERATION @ 147 °'F.
PRESSURE @ R‘i-a?m:r ey GAS/OIL RATIO GAS/OIL RATIO
Monot | weamvrvorgus or | Ccomeonne | e aimecor | riafonrcn, | Ve
OlL AND GA®. V/Vear. RESIDUAL OIL RESIDUAL OIL

3500 0.9892 0.70

3400 0.9907

3300 0.9923

3200 0.9939 0.67

3100 0.9954

3000 0.9970 0.65

2900 0.9986

2817 1.0000 0 895 1.496
2800 1.0017

2783 1.0035

2761 1.0059

2724 1.0100

2688 1.0141

2611 1.0236

2563 1.0299

2516 94 801 1.452
2514 1.0368

2480 0.68

2444 1.0473

2372 1.0581

2260 1.0795

2248 169 726 1.416
2110 0.73

2098 1.1147

1955 252 643 1377
1852 1.1852

1740 1.2236

1710 321 574 1,345
1570 1.3044 0.85

1455 397 498 1.315
1373 1.4229

1200 465 430 1.283
1189 1.5813

1130 0.97

1000 1.8178

v = yI. me at given pressure

vear. = Volume at saturation pressure and the specified temperature.

va == Residual oil volume at 14,7 PSI absolute and 60° F.

Thase analyses
this report is
Core

m.mlnim

Laboratories, Ine. and its officers and

or Inurpnullcnl are based on observations and material supplied by the client to whom, and for whose
or opluiau axpressed upn-nt 'lho 'hut

The interpretations

judgment of Core Laborstories.

tion, or profitsbleness of any oil, gas or other mineral well or uud in eumuﬂon with which such report is used or relied upon.

and Ad

tinl use,

Ine. (all errors and omissions excepted): but
lity and make no warranty or representations as to the productivity, proper opera-



CORE LABORATORIES, INC.
Petroleum Reservoir Engineering
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e TABLE 6 (Cont'd)

Reservoir Fluid SAMPLE TABULAR DATA (Extrapolated)

PRESSURE-VOLUME VISCORITY DIFFERENTIAL LIBERATION @ 147 °F.
PRESSURE . i o."' GAB/OIL RATIO GAS/OIL RATIO
rerainoh | e | T | re e | simmuen | HEES
OIL AND GAS, V/Vear. RESIDUAL OIL RESIDUAL OIL
955 536 359 1.252
828 2.1311
700 603 292 Y.221
684 2.5212
560 1.28
540 3.1446
450 677 218 1.192
370 4.5057
201 8.0619
200 756 140 1.161
0 2.05 895 0 1.045
@ 60°F.= 1.000
Gravity of residual oil = 40.4°API @ 60°F.
-~
~_ Vv = Volume at given pressure

vaar. == Volume at saturation pressure and the specified temperature.
va == Residual oil volume at 14 .7 PSI absolute and 60° F.

Thess preta based obssrvations and matarial lnwlud the client to whom, and for whoss exclusive and confidential use,

this n;::tullon .ln!%: lnnruir-"pt:utlun:h:: l‘w’l‘llloll n;‘tuud r:punm the b judgment b’ re Laboratories, Ine. (all errors and omissions excepted): ht
Core Laboratories, Inc. and lis officers and ty and make no mmntr or representations as to the productlvity, proper opera-
tion. or profitublensss of any oil, gas or other mineral wall or uud In unueuon with which such report is used or relied upon.




CORE LABORATORIES. INC.
Petroleum Reservoir Engineering
DALLAS. TEXAS

~ TABLE 7
SEPARATOR TESTS OF_Reservoir Fluid SAMPLE (Extrapolated)
SEPARATOR SEPARATOR SEPARATOR | STOCK TANK | S8TOCK TANK SHRINKAGE '%%T,EL'?" sPECIFIC
PRESSURE. |TEMPERATURE. |GAB/OIL RATIO [GAS/OIL RATIO| GRAVITY. c‘fJ:"" \',r‘:f,,?e,'. GRAVITY OF
PS! GAUGE *r. ) . *APL @O F ALYRAY . g e FLASHED GAS
See I'not Note (1) [See Foor Note (1) e Fuot Note (20 |See Fool Nete (3)
0 75 992 0 39,2 0.646 1.547 1.007
10 75 926 8 39.8 0.666 1.501
20 75 899 16 40.0 0.670 1.493
148 75 743 116 40.6 0.681 1.469
o~
(1) Separator and Stock Tank Gas/Oil Ratio in cubic feet of gas @ 60° F. and 14.7 PSI absolute per
barrel of stock tank oil @ 60° F.
~~  (2) Shrinkage Factor: va/vsir. is barrels of stock tank oil @ 60° F. per barrel of saturated oil @__2817
PSI gauge and o P,
(3) Formation Volume Factor: vsar./va is barrels of saturated oil @ 2817 PSI gauge and _147 ° F. per
barrel of stock tank oil @ 60° F.
These analyses,

this report is
Core Laboratories, Inc. and its officers and

tion, or

nions or interpretations are based on cbservations and material supplied b{ the client to whom, and for whose exclusive and confidential use,
« The interpratations or opinions expressed represent the best judgment of Core Laboratories, Imc. (all errors and omissions ex ); bat
| ibility and make no warranty or tations as to the productivity, proper opera.

ployees, no resp ¥y represen
blensss of any oil. was or other minersl well or sand In connection with which such report is used or relied upon.
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CORE LABORATORIES, INC.
Petrolenm Reservoir Engineering
DALLAS. TEXAS

Reservoir Fluid Study

for
GOOD OIL COMPANY

0il Well No. 4
Productive Field
Samson County, Texas



CORE LABORATORIES, INc.
Petroleum Reservoir Engineering

DALLAS, TEXAS 735207

RESERVOIR FLUID DIVISION

Good 0il Company
P. 0. Box 100
0il City, Texas 10010

Attention: Mr. John L. Jones

Subject: Reservoir Fluid Study
0il Well No. 4
Productive Field
Samson County, Texas
Our File Number: RFL 76000

Gentlemen:

Duplicate subsurface fluid samples were collected from the subject well
and these samples were submitted to our laboratory for use in a reservoir
fluid study. Presented in the following report are the results of this
study as requested by Good 0il Company.

As a quality check, the room temperature saturation pressure of each sample
was initially determined. At 75°F., subsurface fluid sample Nos. 1 and 2
were found to have bubble point pressures of 1880 psig and 1885 psig,
respectively. These values were considered to be in good agreement with
one another and subsurface fluid sample No. 2 was selected for use in the
reservoir fluid study.

The hydrocarbon composition of the subsurface fluid was determined by low
temperature fractional distillation. The results of this distillation in
terms of both mol percent and weight percent are presented on page two.

A small quantity of the reservoir fluid was charged to a high pressure win-
dowed cell and thermally expanded to the reservoir temperature of 220°F,
During a constant composition expansion at this temperature, the fluid was
found to have a bubble point pressure of 2620 psig. The results of the
pressure-volume measurements at reservoir temperature may be found on page
four.

When subjected to differential pressure depletion at the reservoir tem-
perature, the fluid evolved a total of 854 cubic feet of gas at 14.65 psia
and 60°F. per barrel of residual oil at 60°F. The resulting relative oil



Good 0il Company Page Two
0il Well No. 4

volume factor was 1.600 barrels of saturated fluid per barrel of residual
oil. The oil density and the properties of the evolved gases were measured
at each point during the differential pressure depletion and these data are
included in the summary of the differential depletion data on page five.

The viscosity of the reservoir fluid was measured over a wide range of
pressures at 220°F. in a rolling ball viscosimeter. The viscosity of the
fluid was found to vary from a minimum of 0.373 centipoise at the saturation
pressure to a maximum of 1.286 centipoises at atmospheric pressure. The
results of the viscosity measurements are tabulated on page six.

Four single-stage separator tests were performed at laboratory temperature

to determine the effects of separator pressure upon gas-oil ratio, stock

tank oil gravity and formation volume factor. The results of these separator
tests are tabulated on page seven and they indicate optimum separation to
occur in the vicinity of 100 psig. The separator gas from each of the four
tests was collected and analyzed. The results of these separator gas analyses
are given on pages eight through eleven.

Thank you for the opportunity to be of service to Good 0il Company. If you
have any questions or if we may be of further assistance in any way, please
feel free to call upon us.

Very truly yours,

Core Laboratories, Inc.

Manager
Reservoir Fluid Analysis



CORE LABORATORIES, INC.

Petroleum Reservoir Engineering
DALLAS, TEXAS

Page 1 of 15
File_ RFL 76000
Company Good 0il Company Date Sampled
Well 0il Well No. 4 County Samson
Field Productive State Texas
FORMATION CHARACTERISTICS
Formation Name Cretaceous
Date First Well Completed S ;19 =
Original Reservoir Pressure 4100  PSIG @__8692 Ft.
Original Produced Gas-Oil Ratio 600 ___SCF/Bbl
Production Rate 300 Bbl/Day
Separator Pressure and Temperature 200 PSIG. 75 oF:
Oil Gravity at 60° F. °API
Datum 8000 Ft. Subsea
Original Gas Cap No
WELL CHARACTERISTICS
Elevation 610 Ft.
Total Depth 8943 Ft.
Producing Interval 8684-8700 Ft.
Tubing Size and Depth 2-7/8 In. to__8600 _Ft.
Productivity Index 2.l Bbl/D/PSI (@_300 Bbl/Day
Last Reservoir Pressure 3954* = PSIG @_8500 Ft.
Date , 19
Reservoir Temperature 217* oF. (@._8500 Ft.
Status of Well Shut in 72 hours
Pressure Gauge Amerada
Normal Production Rate 300 Bbl/Day
Gas-0il Ratio 600 SCF/Bbl
Separator Pressure and Temperature 200 PSIG, 75 oF.
Base Pressure 14.65 PSIA
Well Making Water None % Cut.
SAMPLING CONDITIONS
Sampled at 8500 . Ft.
Status of Well Shut in 72 hours
Gas-0il Ratio SCF/Bbl
Separator Pressure and Temperature PSIG, 2F,
Tubing Pressure 1400 PSIG
Casing Pressure PSIG

Sampled by
Type Sampler

REMARKS:

Wofford

* Pressure and temperature extrapolated to the mid-point of the producing

interval = 4010 PSIG and 220°F.




CORE LABORATORIES, INC
Petroleum Reservoir Engincering
DALLAS, TEXAS

Page 2 of 15

File RFL 76000
Company____Good 0il Company Formation___Cretaceous
Well 0il Well No. 4 County Samson
Field Productive State Texas
HYDROCARBON ANALYSIS OF__Reservoir Fluid SAMPLE
DENSITY @ 60* F. .
CONEONENS FE:?.‘:NT l::iléi:nrr G“‘::’::T’;: TCE‘;"‘: @ e;f lr‘ MO\L-EFGUHL: )
Hydrogen Sulfide Nil Nil
Carbon Dioxide 0.91 0.43
Nitrogen 0.16 0.05
Methane 36.47 6.24
Ethane 9.67 3.10
Propane 6.95 3.27
iso-Butane 1.44 0.89
n-Butane 3.93 2.44
iso-Pentane 1.44 1.11
n-Pentane 1.41 1.09
Hexanes 4,33 2.97
Heptanes plus 33.29 Tt 0.8515 34.5 218
100.00 100.00

These annlyses. opinions or interpretations are based on observations snd mulerial supplied hy the client to whom, and for whose exclusive and confidentinl use,
this report is made. The interpretations or opinions expressed represent the best judgment of Core Laboratories, Inc. (all errors and omissions excepted) ; but
Core Luhoratories, Ine, and [ts officers and employees, assume no responsaibility and mnke no Warranty or representutions as to the productivity, proper opera-
tion, or profituhleness of any oil. gas or other mineral well or sand in connectivn with which such report is used or relied upon.




CORE LABORATORIES, Inc.
Petrolenm Reservoir Engineering
DALLAS. TEXAS
Page_ 5 of 15
File__ RFL 76000

Well__O0il Well No. 4

VOLUMETRIC DATA OF__Reservoir Fluid gAMPLE

1. Saturation pressure (bubble-point pressure) 2620 PSIG@ 220 °F.

2. Specific volume at saturation pressure: ft /b 0.02441 @ 220 -°F,

3. Thermal expansion of saturated oil @ 5000 PSI = :’; @ 220 :F = 1.08790
- @ 76 °F

4. Compressibility of saturated oil @ reservoir temperature: Vol/Vol/PSI:

From _5000 PSIto 4000 PSI= 13.48 x 10-6

From _4000 PSIto _ 3000 PSI= 15.88 x 10~°
From _3000 PSIto_ 2620 PSI= 18,75 x 10-6

These analyses, orln!onl or interpretations are based on observations and material supplied by the client to whom, and for whose exclusive and confidential use,
this report is e. The interpretations or opinions expressed represent the best judgment of Core Laboratories, Inc. (all errors and omissions excepted); but
Core Laboratories, Inc. and its officers and ployees, no r ibility and make no warranty or representations as to the productivity, proper opers-
tion, or profitableness of any oil. gas or other mineral well or sand in connection with which such report is used or relled upon.




CORE LABORATORIES, INcC.
Petrolewm Reservoir Engineering
DALLAS. TEXAS

Page i_.F 15
File RFL 76000

Well__ 0il Well No, 4

Pressure-Volume Relations at 220 °F.

Pressure Relative X
PSIG Volume (1) Function(2)
5000 0.9639
4500 0.9703
4000 0.9771
3500 0.9846
3000 0.9929
2900 0.9946
2800 0.9964
2700 0.9983
2620 1.0000
2605 1.0022 2,574
2591 1.0041 2.688
2516 1.0154 2.673
2401 1.0350 2.593
2253 1.0645 2.510
2090 1.1040 2.422
1897 1.1633 2.316
1698 1.2426 2,219
1477 1.3618 2.118
1292 1.5012 2,028
1040 1.7802 1,920

830 2.1623 1.823
640 2.7513 1.727
472 3.7226 1.621

(1) Relative Volume: V/Vsat is barrels at indicated pressure per
barrel at saturation pressure.

(2) Y Function = (Psat-P)
(Pabs) (V/Vsat-1)

'!'Iun analyses, mom or interpretations are based on observations and material n»lld by the client to whom, and for whoss exelusive and confidential nss,
ul:ohl: ':n Y Indumn;tion- orr’opmiom expressed represent the m § o{ Core Laboratories, In:“{all ormn and nl-im}na axeapted): but

Cﬂn ratories, u an cers an ik mh no warranty or representations as to the productiv propar opers-

'Honwpnlubln—ul'.nyollmumdw“ﬂwndlnm:n.ﬁ&ﬁﬂﬂ Is used or relied upom.




CORE LABORATORIES, Inc.

Petroleum Reservoir Engineering Page 5 of 15
DALLAS. TEXAS F‘ile RFL ?6000
Well 0il Well No. 4
Differential Vaporization at 220 °F,
Solution Relative Relative 0il Deviation Gas Formation Incremental

Pressure Gas/0il 0il Total Density Factor Volume Gas

PSIG Ratio(1) Volume (2) Volume (3) gm/cc Z Factor(4) Gravity

2620 854 1.600 1.600 0.6562
2350 763 1.554 1.665 0.6655 0.846 0.00685 0.825
2100 684 1.515 1.748 0.6731 0.851 0.00771 0.818
1850 612 1.479 1.859 0.6808 0.859 0.00882 0.797
1600 544 1.445 2,016 0.6889 0.872 0.01034 0.791
1350 479 1.412 2.244 0.6969 0.887 0.01245 0.794
1100 416 1.382 2.593 0.7044 0.903 0.01552 0.809
850 354 1.351 3.169 0.7121 0.922 0.02042 0.831
600 292 1320 4.254 0.7198 0.941 0.02931 0.881
350 223 1.283 6.975 0.7291 0.965 0.05065 0.988
159 157 1.244 14.693 0.7382 0.984 0.10834 1.213
0 0 1,075 0.7892 2.039
@ 60°F. = 1.000

Gravity of residual oil = 35.1°API @ 60°F.

(1) Cubic feet of gas at 14.65 psia and 60°F. per barrel of residual oil at 60°F.

(2) Barrels of oil at indicated pressure and temperature per barrel of residual oil at 60°F.
(3) Barrels of oil plus liberated gas at indicated pressure and temperature per barrel of residual oil at 60°F.
(4) Cubic feet of gas at indicated pressure and temperature per cubic foot at 14.65 psia and 60°F.

These analyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose exclusive and confidential use,
this report is made. The interpretations or u‘pini‘om expressed represent tl"lle best judgment of Core Laboratories, Inc. (mll errors and omissions excepted); but

Core Laboratories, Inc. and its officers and ployees, no r
tion, or profitableness of any oil, gas or other mineral well or sand in connection with which such report in used or relied upon.

lity and make no warranty or representations as to the productivity, proper opera-
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Adjustment of Oil Relative Volume Curve
to Separator Conditions
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Gas-0il Ratio: Ft*/Bbl.

Adjustment of Gas in Solution Curve
to Separator Conditions
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CORE LABORATORIES, INC.

Petroleum Reservoir Engineering
DALLAS, TEXAS 75207

File__ RFL 76000

Well___0il Well No. 4

Viscosity Data at 220 °F,

Calculated 0il/Gas
Pressure 0il Viscosity Gas Viscosity Viscosity
PSIG Centipoise Centipoise Ratio
5000 0.450
4500 0.434
4000 0.418
3500 0.401
3000 0.385
2800 0.379
2620 0.:373
2350 0.396 0.0191 20.8
2100 0.417 0.0180 23,2
1850 0.442 0.0169 26.2
1600 0.469 0.0160 29.4
1350 0.502 0.0151 33.2
1100 0.542 0.0143 379
850 0.592 0.0135 43.9
600 0.654 0.0126 51.8
350 0.738 0.0121 60.9
159 0.855 0.0114 5.3
0 1.286 0.0093 137.9
(e rabor s s The [nrmreiaions o opnions exoreed nepromnt the Bk et ot Gore Lamaratorias nt (A oy Sl nd, conddonisl e

Core Laboratories, Inc. and its officers and

bility and make no warranty or representations as to the productivity, proper opers-

yees, no resp
tion, or profitableness of any oil. gas or other mineral well or sand in connection with which such report is used or relied upon.



CORE LABORATORIES, INC.
Petroleum Reservoir Engineering
DALLAS, TEXAS

Page__ 7 _of 15
File RFL 76000

Well 0il Well No. 4

SEPARATOR TESTS OF__Reservoir Fluid gAMPLE

STOCK TANK FORMATION SEPARATOR SPECIFIC
EE?%:P}E: TES::E:':Z::S:E. GAS/OIL RATIO [GAS/OIL RATIO ) ‘:'::1:;.. N :3:-:::: :_i'é';:: P?.:;:l:;. ::s
‘ (1) (2) L i

50 75 715 737 1.031 0.840
to

0 75 41 41 40.5 1.481 1.007 1.338

100 75 637 676 1.062 0.786
to

0 75 91 92 40,7 1.474 1.007 1.363

200 75 542 602 1.112 0.732
to

0 75 177 178 40.4 1.483 1.007 1.3529

300 75 478 549 1.148 0.704
to

0 75 245 246 40.1 1.495 1.007 1.286

(1) Gas/Oil Ratio in cubic feet of gas @ 60° F.and_14.65  PSI absolute per barrel of oil @ indicated pres-

sure and temperature. L
(2) Gas/Oil Ratio in cubic feet of gas @ 60° F.and__14.65 PSI absolute per barrel of stock tank oil @ 60° F.
(3) Formation Volume Factor is barrels of saturated oil @ 2620 PSI gauge and_220 _° F. per barrel of stock
tank oil @ 60° F.
(4) Separator Volume Factor is barrels of oil @ indicated pressure and temperature per barrel of stock tank
oil @ 60° F.
BT B Rt o et S e ol it o, d o vhon s and onsni

ibili r ivity, proper opera-
Core Labora Ine. its d oes, no P ility and make no warranty or representations as to the productiv
tion, :‘r- pmﬁt::a:'ml:eof.::y ollmﬂor. :u“r mineral well or sand in connection with which such report is used or relied upon.




Formation Volume Factor and Oil Gravity
Vs. Separator Pressure
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Gas-Oil Ratio Vs. Separator Pressure
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CORE LABORATORIES, INc.
Petrolewm Reservoir Engimeering
DALLAS. TEXAS

Page_ S of 15

File_ RFL 76000

Company____Good 0il Company Formation Cretaceous
Well 0il Well No. 4 County. Samson
Field Productive State Texas

HYDROCARBON ANALYSIS OF Separator GAS SAMPLE

COMPONENT MOL PERCENT armM
Hydrogen Sulfide Nil
Carbon Dioxide 1.62
Nitrogen 0.30
Methane 67.00
Ethane 16.04 4.265
Propane 8.95 2.449
iso-Butane 1.29 0.420
n-Butane 2.91 0.912
iso-Pentane 0.53 0.193
n-Pentane 0.41 0.155
Hexanes 0.44 0.178
Heptanes plus 0.49 0.221
100.00 8.793

Calculated gas gravity (air = 1.000)= 0.840

Calculated gross heating value = 1405 BTU
per cubic foot of dry gasat 14.65 psiaat 60° F

Collectedat 50 psigand 75 °F.in the laboratory.

These analyses, opinions or Interpretations are based on observations and material supplied by the client to whom, and for whose exclusive and confidential n-.
mm T The ;ul:przntlm or opinions expressed npruent the best j ent o’ re Laboratories, Inc. (all errors and omissions excepted);

Core I‘.buntm'l-. Ine. and its officers and responsibility and make no ﬂmnty or r-pr-nhl.lonl as to the productivity, proper w-'l-

don.wprulubh_dnrollmwuhemlwdvdlwnndhmuﬁlwwi&whhhm&moﬂhn-d relied upom.




CORE LABORATORIES, INc.
Petrolewm Reservoir Engineering
DALLAS. TEXAS

File__RFL 76000

Company____Good 0il Company Formation ____Cretaceous
Well 0il Well No. 4 County. Samson

HYDROCARBON ANALYSIS OF Separator GAS SAMPLE

COMPONENT MOL PERCENT arM
Hydrogen Sulfide Nil
Carbon Dioxide 1.67
Nitrogen 0.32
Methane 71.08
Ethane 15,52 4.127
Propane 7.36 2.014
iso-Butane 0.92 0.299
n-Butane 1.98 0.621
1so-Pentane 0.33 0.120
n-Pentane 0.26 0.094
Hexanes 0.27 0.110
Heptanes plus 0.29 0.131

100.00 7.516
Calculated gas gravity (air = 1.000)= 0.786
Calculated gross heating value = 1321 BTU
per cubic foot of dry gas at 14.65 psia at 60° F.
Collectedat 100 psigand 75 °F.in the laboratory.
L reoor it T Tersations o Spinion. crprassed Feresen. he N pipment of Core Laboratoren 1o (1 S Bl e acaents!

Laboratories, Inc. and its officers and ponsibllity and make no warranty or representations as to the productivity, proper opera-
tion, wpﬂﬂulmdawuﬂmordlnrmlnmlwullwundinmuulonvllhwmlmh is used or relled uponm.
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Page_ 10 of 15

File  RFL 76000

Company. Good 0il Company Formation ___Cretaceous

Well 0il Well No. 4 County Samson

Field Productive State Texas

HYDROCARBON ANALYSIS OF Separator GAS SAMPLE

COMPONENT MOL PERCENT aPrM

Hydrogen Sulfide Nil

Carbon Dioxide 1.68

Nitrogen 0.36

Methane 76.23

Ethane 13.94 3.707

Propane 5:31 1.453

iso-Butane 0.57 0.185

n-Butane 1.21 0.379

iso-Pentane 0.20 0.073

n-Pentane 0.16 0.058

Hexanes 0.16 0,065

Heptanes plus 0.18 0.081

100.00 6.001

Calculated gas gravity ( air = 1.000)= 0.732

Calculated gross heating value = 1236 BTU
per cubic foot of dry gasat 14.65 psiaat 60° F

Collected at 200 psigand 75 °F.in the laboratory.

These analyses, nions or Interpretations are based on observations and material supplied the client to whom, and for whose exclusive and confidential use,
this r-l:m l:u ade, The l‘ndumu;aum o;d wlni(;lu expressed represent %Nbﬁ:r. h:fm-n 0::! I‘:ﬂtﬂd-. ln;ut:l“ ::"t;' ‘;.n\l wﬂ'{'& u;ellllll): but

borator ne. & cers and employees, assume no reeapo y and make no warranty or represen productlvity, proper cpers-
tion, or profitableness of any oll, gas or other minera! well or sand in connection with which such report is used or relied upon.
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File_ RFL 76000

Company. Good 0il Company Formation __Cretaceous
Well 0il Well No. 4 County. Samson
Field Productive State Texas

HYDROCARBON ANALYSIS OF Separator GAS SAMPLE

COMPONENT MOL PERCENT arM

Hydrogen Sulfide Nil

Carbon Dioxide 1.65

Nitrogen 0.39

Methane 79.42

Ethane 12.48 3.318

Propane 4.21 1,152

iso-Butane 0.43 0.140

n-Butane 0.90 0.282

iso-Pentane 0.15 0.055

n-Pentane 0.12 0.043

Hexanes 0.12 0.049

Heptanes plus 0.13 0.059
100.00 5.098

Calculated gas gravity (air = 1.000)= 0.704

Calculated gross heating value = 1192 BTU
per cubic foot of dry gasat 14 .65 psiaat 60° F

Collected at 300 psigand 75 °F.in the laboratory.
Core Laboratories, Inc.

Manager
Reservoir Fluid Analysis

These mlrlﬂnxulom or Interpretations are based on observations and material luppliud by the client to whom. and for whose exelusive and confidential uss,
this report ls The interpretations or opiaiom expressed npru-nt the best ju f Core Laboratories, Ine. (all lrml'I and omissions excepted): but
Core Laboratories, Inc. and its officers and ibllity an nnh no warranty or npmnhtlou as to the productivity, proper opara-
tion, or profitableness of any oll, mwo&wmlunlw‘lluundinmueunwmwmﬂmﬁuud relled upos.
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Solution Gas/Oil Ratio During Differential Vaporization

Company Good Qil Company Formation Cretaceous :
Well Oil Well No., 4 County_ Samson o
Field Productive State Texas
I i |
i I i
|
- -~ J,.l
) ; ,'
- E s A
= ' .
- A
A
INER
L) 3 |
| 5 2 8 L i
/ |
TRt
7 i . a
1 -
0 500 1000 1500 2000 2500 3000

Pressure - PSIG



Relative Oil Volume - V/Vr

1.8

1.7

1.6

1.5

1.4

1.3

1.2

1.1

1.0

CORE LABORATORIES. INC. Page 13 of 15
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DALLAS, TEXAS
Relative Oil Volume During Differential Vaporization

Company Good Oil Company Formation Cretaceous
Well Oil Well No. 4 County Samson
Field Productive ___ State Texas
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Viscosity of Reservoir Fluid

Company Good Oil Company Farmatics Cretaceous
Well Qil Well No. 4 CountY Samson
Field Productive Siate Texas
L
. L ! =
LFEr u
] l 1T ]

r
il
I
L

e
T
|
-

Viscosity - Centipoise

—+ T . .
mEmEA T .
N +H + 1+
HE 1N 117 i (i
Fidiie :
1 P _AFL I
1 |
i EH] S — 8 d n
1 | - *®
1 |1 | m
+H 1
£ :
1000 2000 3000 4000 5000 6000

Pressure - PSIG



PRESSURE: POUNDS PER SQUARE INCH GAUGE

4500

4000

3500

3000

2500

2000

1500

1000

DEPTH: FEET

CORE LABR?RATERIES. INC. Page__ 15 of 15
Petroleumn Reservoir Engineering .
DALLAS, TEXAS File RFL 76000
Company___Good Oil Company Formation __Cretaceous
Field Productive State Texas
S EEEENAEREE REE W 1
] DEPTH PRESSURE | GRADIENT
L ] Feet P51 Ga  PSI perit.Depth
i 0 1400
-] 2000 1942 0.271 :
L1 4000 2582 0.320
] 6000 3202 0.310
| 7000 3507 0.305 +
N 7500 3657 0.300
— 8000 3807 0.300 -
[ | 8250 3881 0.296 _ ;[ +
1 8500 3954 0.292 i EER I B 1 3 B
| 8692 4010 0.292 / [ 1
| Shut in 72 hours 5 /”f i [ 11
T EEsse: ]
B EeSES N IeeessSEEEISCacE HH HHH
SRR EEE ‘}EF—Er — 1 ! — AN e —
EEEsasmnnem: e o e EREN,
EEEEEEEE EEERE SN ]J.J-'/‘r T ' L;_Lg R ! il
L T It | =S I l
T T NN O
L l 4 1 |
[ ! |l L B L 51 30 D 3 I ' 1
| | 11 L1
i ! ] I / i " Tl
LS80 R . FAREN BN 5 i O 1
= ] " - = T E
T -4 i ! e
e | ',_1_1 | ,/ | o | : -
e H A . HHHHH
SN BEEE, ama [ l ' | "
BrEEERRED S SR B 15 R B il |
TVl 1 i { i i
- 7] EEE
s 41T ! —
11 It 1 1]
M 4 i | =]
_ /./ ] %
. 7 g O l
| ]I ! ot |
—_—— 1
i ! i | | | |
R BREEERES [ r
+ T Oil Level 327 Ft. Water Level Ft. [
——+1- ' T : Temperature 2117 °F at 8500 Ft.H
R _ Casing Pressure PSI Ga.H
- j Tubing Pressure 1400 P.SI Ga.|-
— LY —— 1 T t+4-+—+——Elevation 610 Ft.H
! Datum 8000 Ft. Subsea
. ; Datum Pressure PSI Ga.H
] ] BN AR E SRR S AR EE s EE|
0 2000 4000 6000 8000 10000 12000 1400



CORE LABORATORIES, INC.
Reservoir Fluid Analysis

Reservoir Fluid Study

GOOD OIL COMPANY
Condensate No. 7 Well
Productive Field
Samson County, Texas

RFL 82000



CORE LABORATORIES, INC.
Petroleum Reservoir Engineering

DALLAS, TEXAS 75207

RESERVOIR FLUID DIVISION

Good 0il Company
P. 0. Box 100
0il City, Texas 10010

Attention: Mr. John L. Jones

Subject: Reservoir Fluid Study
0il Well No. 4
Productive Field
Samson County, Texas
OQur File Number: RFL 76000

Gentlemen:

Duplicate subsurface fluid samples were collected from the subject well
and these samples were submitted to our laboratory for use in a reservoir
fluid study. Presented in the following report are the results of this
study as requested by Good 0il Company.

As a quality check, the room temperature saturation pressure of each sample
was initially determined. At 75°F., subsurface fluid sample Nos. 1 and 2
were found to have bubble point pressures of 1880 psig and 1885 psig,
respectively. These values were considered to be in good agreement with
one another and subsurface fluid sample No. 2 was selected for use in the
reservoir fluid study.

The hydrocarbon composition of the subsurface fluid was determined by low
temperature fractional distillation. The results of this distillation in
terms of both mol percent and weight percent are presented on page two.

A small quantity of the reservoir fluid was charged to a high pressure win-
dowed cell and thermally expanded to the reservoir temperature of 220°F.
During a constant composition expansion at this temperature, the fluid was
found to have a bubble point pressure of 2620 psig. The results of the
pressure-volume measurements at reservoir temperature may be found on page
four.

When subjected to differential pressure depletion at the reservoir tem-
perature, the fluid evolved a total of 854 cubic feet of gas at 14.65 psia
and 60°F. per barrel of residual oil at 60°F. The resulting relative oil



Good 01il Company Page Two
Condensate No. 7 Well

with each displacement terminating at the original saturated volume.
The well stream displaced at each displacement level was charged to
low temperature fractional distillation equipment for volume measure-
ment and compositional analysis. The results of the constant volume
depletion at the reservoir temperature may be found on page four.

The smooth well stream compositions were then used with published
equilibrium ratios to calculate the cumulative and instantaneous surface
recoveries that may be expected during pressure depletion of the
reservoir. The cumulative recovery calculations were based upon one
MMSCF of original fluid and they are presented on page five. A summary
of the instantaneous surface recovery calculations is given on page
six.

Visual measurements of the retrograde condensate were performed at
several points during the constant composition expansion and at each
point during the constant volume depletion at the reservoir temperature.
The maximum observed volume of retrograde condensate was 25.0 percent
of the hydrocarbon pore space. A tabulation of the retrograde liquid
measurements may be found on page seven; a graphical interpretation of
these data is given on page twelve.

Thank you for the opportunity to be of service to Good 0il Company.
Should you have any questions or if we may be of further assistance in
any manner, please feel free to call upon us.

Very truly yours,

CORE LABORATORIES, INC.

Manager
Reservoir Fluid Analysis
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Page 1 of 12
File RFL 82000
Company Good 0il Company Date Sampled March 23, 1982
Well Condensate No. 7 County Samson
Field Productive State Texas

E— N T TN ST RN NN N N S SN SN S NS R TN NN NS R S S S e, e S S e

FORMATION CHARACTERISTICS

Formation Name
Date First Well Completed

Pay Sand

February 20, 1982

Original Reservoir Pressure 7000 PSIG @ =-11300 Ft.
Original Produced Gas/Liquid Ratio SCF/Bbl
Production Rate Bbls/Day
Separator Pressure and Temperature PSIG °F.
Liquid Gravity at 60°F. °API
Datum 11300 Ft. Subsea
WELL CHARACTERISTICS
Elevation 302 Ft.
Total Depth 12060 Ft.
Producing Interval 11547-11980 Ft.
N Tubing Size and Depth 2-3/8 In. to 11411 Ft.
Open Flow Potential MMSCF/Day
Last Reservoir Pressure 7000 PSIG @ =-11300 Ft.
Date March 25, 1982
Reservoir Temperature 256 °F. @ -11300 Ft.
Status of Well Shut in
Pressure Gauge Amerada
SAMPLING CONDITIONS
Flowing Tubing Pressure 780 PSIG
Flowing Bottom Hole Pressure (at -11300 Ft.) 1505 PSIG
Primary Separator Pressure 440 PSIG
Primary Separator Temperature 87 °R.
Secondary Separator Pressure PSIG
Secondary Separator Temperature °F.
Field Stock Tank Liquid Gravity 46.5 °API @ 60°F.
Primary Separator Gas Production Rate 869 MSCF/Day
Pressure Base 14.65 PSIA
Temperature Base 60 Y.
Compressibility Factor (va) 1.046
Gas Gravity (Laboratory) 0.699
Gas Gravity Factor (Fy) 1.1961
Stock Tank Liquid Production Rate @ 60°F. 185 Bbls/Day
Primary Separator Gas/Stock Tank Liquid Ratio 4697 SCF/Bbl
or 212.9 Bbls /MMSCF
Sampled by Core Laboratories, Inc.
~
REMARKS :

These analyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose exclusive and confidential
use, this report is made. The interpretations or opinions expressed represent the best judgement of Core Laboratorles, Inc. (all errors and omissions
excepted); but Core Laboratories, Inc. and its officers and employees, assume no responsibility and make no warranty or representations as to the produc-
tivity, proper operation, or profitabieness of any oil, gas or other mineral well or in connection with which such report is used relied upon.
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File RFL 82000

Well Condensate No., 7

HYDROCARBON ANALYSES OF SEPARATOR PRODUCTS AND CALCULATED WELL STREAM

- - —— W W R W R W R W -

Separator Liquid, Separator Gas Well Stream

Component Mol Percent Mol Percent GPM Mol Percent GPM
Hydrogen Sulfide 0.00 0.00 0.00
Carbon Dioxide 0.00 0.01 0,01
Nitrogen 0.01 0.13 0.11
Methane 10.76 83.01 68.93
Ethane 6.17 9.23 2,454 8.63 2.295
Propane 8.81 4,50 1.231 5.34 1.461
iso-Butane 2.85 0.74 0.241 1.15 0.374
n-Butane 7.02 1.20 0.376 2.33 0.730
iso-Pentane 3.47 031 0.113 0.93 0.338
n—-Pentane 3.31 0.25 0.090 0.85 0.306
Hexanes 8.03 0.21 0.085 1.73 0.702
Heptanes plus 49.57 0.41 0.185 9.99 6.006

100,00 100,00 4,775 100.00 12,212

Properties of Heptanes plus

API gravity @ 60°F. 39.0
Density, Gm/Cc @ 60°F. 0.8293 0.827
Molecular weight 160 103 158

Calculated separator gas gravity (air=1.000) = 0.699
Calculated gross heating value for separator gas = 1230 BTU
per cubic foot of dry gas @ 14.65 psia and 60°F.

Primary separator gas collected @ 440 psig and 87°F.
Primary separator liquid collected @ 440 psig and 87°F.

Primary separator gas/separator liquid ratio = 3944 SCF/Bbl @ 60°F.
Primary separator liquid/stock tank liquid ratio = 1.191 Bbls @ 60°F./Bbl
Primary separator gas/well stream ratio = 805.19 MSCF/MMSCF

Stock tank liquid/well stream ratio = 171.4 Bbls/MMSCF

These analyses, opinions or interpretations are based on observations and material suppli=d by the client to whom, and for whose exclusive and confidenti
use, this report Is made. The Interpretations or opinions expressed represent the best ijudgement of Core Laboratories, Inc, (all errors and omission:
excepted); but Core Laboratories, Inc. and its officers and smployees, no resp ibility and make no warranty or representations as to the produs
tivity, proper operation, or profitableness of any oil, gas or other mineral well or in connection with which such report Is used relied upor
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Well Condensate No. 7

PRESSURE-VOLUME RELATIONS OF RESERVOIR FLUID AT 256°F.
(Constant Composition Expansion)

.. N RIS SN S LR R T W TR G ST

Pressure, Relative Deviation Factor,
PSIG Volume Z
7500 0.9341 1.328
7000 Reservoir Pressure 0.9523 1.264%
6500 0.9727 1.199
6300 0.9834 1,175
6200 0.9891 1.163
6100 0.9942 1.150
6010 Dew Point Pressure 1.0000 1.140%*%
5950 1.0034
5900 1.0076
5800 1.0138
5600 1.0267
5300 1.0481
5000 1.0749
4500 1.1268
4000 1.2024
3500 1.3096
3000 1.4689
2500 1.7169
2100 2,0191
1860 2.,2747
1683 2.5150
1460 2.9087
1290 3.3173
1160 37153
1050 4.1342

*Gas Expansion Factor = 1.545 MSCF/Bbl.
**Gas Expansion Factor = 1,471 MSCF/Bbl.

hom, and for whose exclusive and confidentia
These analyses, opinions or interpretations are based on observations and materlal supplied by the cllent to wi §

use, this r:part Is made. The interpretations or opinions expressed represent the best judgement of Core Laboratories, Inc. {all errors and omissions
excepted); but Core Laboratories, inc. and its officers and empioyees, assume no responsibility and make no warranty or representations as to the produc
tivity, proper operation, or profitableness of any oil, gas or other mineral well or In connection with which such report Is used relied upon
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File RFL 82000

Well Condensate No. 7

DEPLETION STUDY AT 256°F.
Hydrocarbon Analyses of Produced Well Stream - Mol Percent
Reservoir Pressure - PSIG
Component 6010 5000 4000 3000 2100 1200 700 700%*
Carbon Dioxide 0.01 0.01 0.01 0.01 0.01 0.01 0.01 Trace
Nitrogen 0.11 0.12 0.12 0.13 0.13 0.12 0.11 0.01
Methane 68.93 70.69 73.60 76.60 17,17 77.04 75.13 11.95
Ethane 8.63 8.67 8.72 8.82 8.96 9.37 9.82 4,10
Propane 5.34 5.26 5.20 5.16 5.16 5.44 5.90 4,80
iso-Butane 14215 1.10 1,05 1.01 1.01 1.10 1.26 1.57
n-Butane 2.33 2:21 2.09 1.99 1.98 2.15 2.45 3.75
iso-Pentane 0.93 0.86 0.78 0.73 0.72 0.77 0.87 2.15
n-Pentane 0.85 0.76 0.70 0.65 0.63 0.68 0.78 2.15
Hexanes 1.73 1.48 1.25 1.08 1.01 1.07 1.25 6.50
Heptanes plus 9.99 8.84 6.48 3.82 2.62 2.25 2.42 63.02
100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Molecular weight of heptanes plus 158 146 134 123 115 110 109 174
Density of heptanes plus 0.827 0.817 0.805 0.79% 0.784 0.779 0.778 0.837
Deviation Factor - Z
Equilibrium gas 1.140 1.015 0.897 0.853 0.865 0.902 0.938
Two-phase 1.140 1.016 0.921 0.851 0.799 0.722 0.612
Well Stream produced-
Cumulative percent of initial 0.000 6.624 17.478 32.927 49,901 68.146 77.902

*Composition of equilibrium liquid phase.

These analyses, opinions or interpretations are based on observations and materjal supplied by the client to whom, and for whose exclusive and confidential
use, this report is made. The interpretations or opimions expressed represent the best judgement of Core Laboratories, Inc, (all errors and omissions
excepted), but Core Laboratories, Inc. and its officers and employees, assume no responsibility and make no warranty or reorecentationc ac ta the aromiie.
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File RFL 82000

Well Condensate No. 7

CALCULATED CUMULATIVE RECOVERY DURING DEPLETION

B e B R R e I

Cumulative Recovery per Initial Reservoir Pressure — PSIG
MMSCF of Original Fluid in Place 6010 5000 4000 3000 2100 120C 700
Well Stream - MSCF 1000 0 66.24 174,78 329.27 499.01 681.46 779.02

Normal Temperature Separation*

Stock Tank Liquid - Barrels 181.74 0 10.08 21.83 31.89 39.76 47.36 91.91
Primary Separator Gas—-MSCF 77815 0 53.18 145,16 283.78 440,02 608.25 696.75
Second Stage Gas — MSCF 38.52 0 2,26 5:17 8.03 10.51 13,21 14.99
Stock Tank Gas - MSCF 38.45 0 2.29 5.38 8.73 11.85 15.51 18.05
Total "Plant Products” in
Primary Separator Gas-Gallons
Ethane 1841 0 126 344 674 1050 1474 1709
Propane 835 0 58 163 331 526 749 873
Butanes (total) 368 0 26 73 155 256 374 441
Pentanes plus 179 0 12 35 73 122 177 206
Total "Plant Products” in
Second Stage Gas—Gallons
Ethane 204 0 12 27 42 55 70 80
Propane 121 0 7 17 27 36 47 54
Butanes (total) 53 0 3 8 13 17 23 27
Pentanes plus 23 0 1 3 5 7 10 11
Total "Plant Products” in
Well Stream - Gallons
Ethane 2295 0 153 404 767 1171 1626 1880
Propane 1461 0 95 250 468 707 979 1137
Butanes (total) 1104 0 70 178 325 486 674 789
Pentanes plus 71352 0 408 890 1322 1680 2037 2249

*Primary separator at 450 psig and 75°F., second stage separator at 100 psig and 75°F., stock tank at 75°F.

These analyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose exclusive and confidential
use, this report is made. The interpretations or opinions expressed represent the best judgement of Core Laboratories, Inc. (all errors and omissions
excepted), but Core Laboratories, Inc. and its officers and employees, assume no responsibility and make no warranty or representations as to the produc-
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File RFL 82000
Well Condensate No. 7
CALCULATED INSTANTANEQUS RECOVERY DURING DEPLETION
Reservoir Pressure = PSIG
6010 5000 4000 300C 2100 1200 700
Normal Temperature Separation*
Stock Tank Liquid Gravity, °API at 60°F. 49.3 517 55.4 60.4 64.6 67.5 68.6
Separator Gas/Well Stream Ratio, MSCF/MMSCF
Primary Separator Gas Only 17115 802.85 847.45 897.28 920.44 922.04 907.14
Primary and Second Stage Separator Gases 815.67 837.04 874.26 915.77 935.04 936.84 925.38
Separator Gas/Stock Tank Liquid Ratio, SCF/STB
Primary Separator Gas Ounly 4276 5277 7828 13774 19863 22121 19475
Primary and Second Stage Separator Gases 4488 5502 8076 14058 20178 22476 19867
GPM from Smooth Well Stream Compositions
Ethane plus 12.212 10.953 9175 7.509 6.851 6.970 7.574
Propane plus 9.917 8.648 6.856 5.164 4,469 4,479 4.963
Butanes plus 8.456 7.209 5.434 3.752 3.057 2.990 3.349
Pentanes plus 7.352 6.158 4,437 2,800 2.108 1.959 2,171

*Primary separator at 450 psig and 75°F., second stage separator at 100 psig and 75°F., stock tank at 75°F.

These analyses, opinions or interpretations are based on observations and material supplied by the client to whom, and for whose exclusive and confidential
use, this report is made. The interpretations or opinions expressed represent the best judgement of Core Laboratories, Inc, (all errors and omissions
axceptad), but Core Laboratories Inc and ite officert and amalowBBe BEciimmB M SBerm el liite: ommd ot e o e SR FEE ey TR e RERST, SRR T AT S TR TR e
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Well Condensate No. 7

RETROGRADE CONDENSATION DURING GAS DEPLETION AT 256°F.

I R TR S VE S S W S =

Pressure, Retrograde Liquid Volume,
PSIG Percent of Hydrocarbon Pore Space

6010 Dew Point Pressure 0.0

5950 Trace

5900 0.1
5800
5600
5300
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for whose exclusive and confidentia
Th analyses, opinions or interpretations are based on observations and material supplied by the client to whom, and

us:“;his r:port Il: made. The interpretations or opinions expressed represant the best Judgement of Core Laboratorles, Inc. (all errors and omissions
exo'eptcd)- but Core Laboratories, Inc. and its officers and employees, assume no responsibility and make no warranty or representations as to the produc
tivity, prf:'npir operation, or profitableness of any oll, gas or other mineral well or In connection with which such report Is used relled upon
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CUMULATIVE VOLUME-PER CENT
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Petroleum Reservoir Engineering TR rmama
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Operating Quantities:

1. Reservoir pressure.
2. The instantaneous producing gas-oil ratio.
3. The cumulative stock tank recovery.
4. The cumulative gas recovery.
Equations:

Total gas recovered from reservoir = NRP

NyRp =

P

N(By~Byp) - Hp(Bt - Rgy Bg) (1)

By

Another relation for total gas recovered:

NoRy, = f; R x d(Np) (2)

Combining equations (1) and (2) we have

N(B,-B,.) - N_ (B, - R_: B))
t “tb prt si "g” _ t
= J: R x d( Np) (3)
g
R k_glﬂBo (4)

N B
So = (1 = =2 ) 2 (1 - 54p)

7 +tR
ko Hg Bg s

N (5)

ob

The step—by-step utilization of Equations (3), (4) and (5) is summarized
as follows:

I.

IT.

Known data: Original value of reservoir pressure, reservoir
temperature, the physical characteristics of reservoir gas
and reservoir oil (including Rg, Rgi, Bg, By, Bops Hos Hg),
connate—water saturation, the variation %etween gas/oil rela-
tive—-permeability characteristics ratio, o0il saturation, and
reservoir volume.

Prediction:

l. Choose a value of pressure several hundred pounds below
the original value and evaluate the fluid characteristics
at this pressure. Choose a value of + Substitute these
values in the left-hand side of Equation (3). This will
give a numerical value.



2. Using the chosen values of Step 1, substitute in Equation
(5) values of Ny, Syi, and fluid characteristics. Solve for
SO.

3. Using the value of S, from Step 2, find a kg/ko value from
the known relationship between kg/ko and oil saturation.

4, Substitute the kg/ko value from Step 3, along with fluid
characteristics, in Equation (4). Solve for R.

5. Use the value of R from Step 4 and the chosen value of N
from Step 2 to evaluate

J;‘ R x d(Ny)

Since an integrated quantity is glven; it 1s mnecessary to begin
calculations for time equal zero and obtain the integral value, step by
step. This can be done either graphically or by the simple approximation
of averaging gas—oil values over small production intervals.

6. Equation (3) should now balance, i.e., the value in Step 1
for the left-hand side should equal that in Step 5 for the
right-hand side, provided the chosen values of and P are
in agreement. If a balance is not obtained, choose a
different N, but not a new pressure, and repeats Steps 2
to 6 until a balance is reached.

By the outlined procedure values of N, and R which exist at
P
the chosen pressure are obtained.

A second pressure several hundred pounds below the first
chosen can now be used to calculate a second trio of wvalues.
By a succession of such steps, the history of the internal
gas—drive reservoir is predicted. In each successive calc-
ulation it is to be remembered that the integral quantity
in Step 5 is evaluated from zero time onward.



NOMENCLATURE

Cumulative produced stock tank oil, barrels. This value is
solved for in the prediction calculation.

Total barrels of stock tank o0il originally in place.
Total hydrocarbon volume of reservoir from routine and special
core analysis, electric logs, etc., divided by the formation
volume factor for the average field separator pressure. The
formation volume factor, Bofb, is found in Column 6, Page 7
of the sample report.

Two-phase formation volume factor.

The two-phase formation volume factors may be calculated by
multiplying the Relative Total Volumes, page 5, column 4 by
the formation volume factor, Bofb, for the average field
separator pressure, column 6, page 7, and dividing by the
Relative 0il Volume factor at the bubble point, Bodb, found
on page 5, column 3. The formation volume factor used for
this calculation should be the same as the one used to
calculate the oil in place, N.

t t (Bodb)

Value of By at saturation pressure.

Gas in solution, standard cubic feet per barrel of stock tank
oil.

The gas in solution as a function of pressure may be calculated
from the data found on page 5, column 2 using the following
formula.

= = - (Bofb)
Rs Rsfb (deb de) (Bodb)

Rs¢p 1s the sum of the separator gas and the stock tank gas,
column 4 on page 7 of the sample report. Use the data for
the average field separator as in the previous calculation.
Rgqp 1s the gas in solution at the bubble point from the
differential vaporization, column 2, page 5. Rgq is the gas
remaining in solution at the pressure being evaluated taken
from column 2, page 5. Bofb and Bodb are the same as those
used to calculate B;.



Rgp =

Bg =

Hg =

Value of Rg at saturation pressure, standard cubic feet per
barrel of stock tanmk oil.

Gas conversion factor, barrels in reservoir per standard
cubic foot.

Z(14.7) (Tr + 460)
5.615 (P + 15) (520)

Where Z is deviation factor of the gas at the desired pressure.
Z may be found on Page 5, Column 6 of the sample report.

Bg may also be calculated by dividing the gas formation volume
factor from Page 5, Column 7 by 5.615. Tr is reservoir
temperature, P is the pressure at which Bg is to be determined.

Net cumulative gas=-oil ratio, standard cubic feet per barrel
stock tank oil. Calculated from depletion calculations.

Instantaneous producing gas-oil ratio, standard cubic feet
per barrel of stock tank o0il. Calculated from basic data
during depletion calculations.

011 Formation volume factor.

B, is calculated by the formula

B = Bod Bofb
@ Bodb

Bod are the Relative 0il Volumes found in column 3, page 5.
Bofb and Bodb are the same values used in previous calcula-
tions.

The value for B, at saturation pressure.

Reservoir oil viscosity. Page 6, Column 2.

Gas viscosity. Obtain the gas viscosity from Page 6, Column
3.



Two Phase Gas in 0il

Pressure, Formation Volume Solution Formation Volume
PSIG Factor B, Rg Factor B,
5000
4000
4100
4000
3500
3000
2900
2800
2700
2620 1.474 768 1.474
2350 1.534 684 1.432
2100 1.610 611 1.396
1850 1.713 545 1.363
1600 1.857 482 14332
1350 2.067 423 1.301
1100 2,389 365 1.273

850 2,919 307 1.245
600 3.919 250 1.216
350 6.426 187 1.182
159 13.536 126 1.146

0 0 1.075



Nlﬂ e i

CUMULATIVE WELL STREAM PRODUCED

See



SEPARATOR GAS

1.00+

0.90

0.80

WELL STREAM

0.70

0'63000

6000

I
4000
RESERVOIR PRESSURE - PSIG

I
2000






