OIL CONSERVATION COMMISSION
P. ©O. BOX 871

SANTA FE, NEW MEXICO

February 13, 1959

Mr, Oliver Seth

Seth, Montgomery, Federici & Andrews
P,0O, Box 828

Santa Fe, New Mexico

Dear Mr, Seth:

On behalf of your client, El Paso Natural Gas Company, we
enclose two copies of Order R-586-E issued February 12, 1959, by
the Oil Conservation Commission in Case 728, which was heard at

the regular hearing on lanuary 14th,

Very truly yours,

A, L, Porter, Jr.
Secretary - Director

bp 4
Encls.,




6[ C@ aso Maiural gas @ompany M

61 gaso, gexas

November 28, 1958

Mr. A. L. Porter, Director

New Mexico 0il Conservation Commission
p. O. Box 871

ganta Fe, New Mexico

Dear Mr. Porter: b

I have enclosed original and two copies of
El Paso's application for the extension of the vertical
1imits of the Justis Gas Pool, TLea County, New Mexlco.
This replaces El Paso's Case No. 728 which was dismissed
at the November regular hearing.

We request that this application pe set for
hearing as soon as possible.

Very truly yours,

4 A
é%ﬁ yﬁjﬁ‘*‘-—*— £
—Grrett C. WhiW

Attorney
GCW:hsw

Encl.



BEFORE THE OIL CONSERVATION COMMISSION
OF THE STATE OF NEW MEXICO

IN THE MATTER OF THE HEARING

CALLED BY THE OIL CONSERVATION

COMMISSION OF THE STATE OF NEW

MEXICO FOR THE PURPOSE OF

CONSIDERING:
CASE NO. 1221
Order No. R-586-B

APPLICATION OF THE OIL CONSERVATION
COMMISSION UPON ITS OWN MOTION FOR

AN ORDER AMENDING THE SPECIAL RULES
AND REGULATIONS FOR THE TUBB GAS POOL
TO MAKE PROVISION IN SAID RULES FOR
THE REGULATION OF OIL WELLS COMPLETED
WITHIN THE DEFINED LIMITS OF SAID POOL;
AND FURTHER, TO CONSIDER THE DELETION
OF THAT PORTION OF ORDER R-586 WHICH
RELATES TO THE BYERS~QUEEN GAS POOL.

ORDER OF THE COMMISSION

BY THE COMMISSION:

This cause came on for hearing at 9 o'clock a.m. on March 14,
1957, May 16, 1957 and again on July 17, 1957, at Santa Fe, New Mexico,
before the 0il Conservation Commission of New Mexico, hereinafter referred
to as the "Commission."

NOW, on this 9th day of September, 1957, the Commission, a quorum
being present, having considered the testimony and evidence adduced and
being fully advised in the premises,

FINDS:

(1) That due public notice having been given as required by law,
the Commission has jurisdiction of this cause and the subject matter there-
of.

(2) That several wells have been completed within the defined
limits of the Tubb Gas Pool which are capable of producing liquid hydro-
carbons with gravities in the range which is commonly accepted to be that
o0of crude petroleum o0il, and that such wells should be classified as oil
wells.

(3) That to classify, space, and prorate the aforesaid wells
as though they were gas wells could be unfair to the royalty owners in the
Tubb Gas Pool.

(4) That an 0il well in the Tubb Gas Pool should be defined as
a well which produces liquid hydrocarbons possessing a gravity of 45%2 API
or less.
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Case No. 1221
Order No. R-586-B ’

(5) That an o0il well in the Tubb Gas Pool should have dedicated
thereto a proration unit consisting of 40 acres, more or less, being a
governmental quarter-quarter section legal subdivision of the United States
Public Land Surveys.

(6) That no acreage should be simultaneously dedicated to an
0il well and to a gas well in the Tubb Gas Pool.

(7) That the limiting gas-o0il ratio for oil wells in the Tubb
Gas Pool should he 2000 cubic feet of gas for each barrel of oil produced.

(8) That the Special Rules and Regulations for the Byers-Queen
Gas Pool as set forth in Order R-586 should be deleted since the production
from the said Byers-Queen Gas Pool is no longer of sufficient consequence
to warrant its continued prorationing.

IT IS THEREFORE ORDERED:

(1) That the Special Rules and Regulations for the Tubb Gas Pool,
as set forth in Order R-586, be and the same are hereby amended to include
the following rules:

SPACING AND OPERATION OF OIL WELLS

RULE 16. An oil well in the Tubb Gas Pool shall be defined as a
well which produces hydrocarbons possessing a gravity of 452 API or less.

RULE 17. An o0il well in the Tubb Gas Pool shall have dedicated
thereto a proration unit consisting of 40 acres, more or less, being a
governmental quarter-quarter section legal subdivision of the United
States Public Land Surveys.

RULE 18. No acreage shall be simultaneously dedicated to an oil
well and To a gas well in the Tubb Gas Pool.

RULE 19. The limiting gas-o0il ratio for oil wells in the Tubb
Gas Pool shall be 2000 cubic feet of gas for each barrel of oil produced.

(2) That the Special Rules and Regulations for the Byers-Queen
Gas Pool, as set forth in Order R-586, be and the same are hereby deleted
effective September 30, 1957.
DONE at Santa Fe, New Mexico, on the day and year hereinabove
designated.
STATE OF NEW MEXICO
OIL CONSERVATION COMMISSION
EDWIN L., MECHEM, Chairman
MURRAY E. MORGAN, Member

A. L. PORTER, Jr., Member & Secretary
SEAL

ir/



BEFORE THE OIL CONSERVATION COMMISSION
OF THE STATE OF NEW MEXICO

IN THE MATTER OF THE HEARING
CALLED BY THE OIL CONSERVATION
COMMISSION OF THE STATE OF NEW
MEXICO FOR THE PURPOSE OF
CONSIDERING:

CASE NO., 1293
Order No. R-586-C

APPLICATION OF AMERADA PETROLEUM
CORPORATION FOR AN ORDER AMENDING
THE SPECIAL RULES AND REGULA TIONS
FOR THE JUSTIS GAS POOL IN LEA

COUNTY, NEW MEXICO AS SET FORTH

IN ORDER R-586, R-586-A AND R-586-B,

AS AMENDED BY ORDER R-967, TO PROVIDE
FOR 320-ACRE GAS PRORATION UNITS.

ORDER OF THE COMMISSION

BY THE COMMISSION:

This cause came on for hearing at 9 o'clock a. m. on August 15, 1957, and
again on September 18, 1957, at Santa Fe, New Mexico, before the Qil Conservation
Commission of New Mexico, hereinafter referred to as the "Commission. "

NOW, on this 3rd day of October, 1957, the Commission, a quorum
being present, having considered the application and the evidence adduced and being
fully advised in the premises,

FINDS:

(1) That due public notice having been given as required by law, the Com-
mission has jurisdiction of this cause and the subject matter thereof.

(2) That the Commission by Order R-586 dated April 11, 1955, established
160-acre spacing for the Justis Gas Pool.

(3) That the applicant, Amerada Petroleum Corporation, has proved by the
evidence in this case that one well will drain 320 acres in the Justis Gas Pool.

(4) That at present, the Justis Gas Pool has not been so far developed as to
prevent the adoption of 320-acre spacing in said pool.

(5) That the adoption of 320-acre spacing in the Justis Gas Pool will not
cause waste nor impair correlative rights.



CASE NO, 1293
Order No. R-586-C

(6) That the adoption of 320-acre spacing in the Justis Gas Pool will prevent
the drilling of unnecessary wells in said pool.

IT IS THEREFORE ORDERED:

(1) That any well which was projected to or completed in the Justis Gas
Pool prior to the effective date of this order be and the same is hereby granted an excep-
tion to Rule 5 hereinafter set forth.

(2) That an increase in the acreage dedicated to any such excepted well shall
become effective the first day of the month following receipt by the Commission of
Form C-128, Well Location and Acreage Dedication Plat, provided said Form C-128
indicates that the acreage dedicated to such well has been increased in conformance
with the Special Rules and Regulations for the Justis Gas Pool.

(3) That Rule 5 of the Special Rules and Regulations for the Justis Gas Pool
be and the same is hereby superseded by the following rule:

SPECIAL RULES AND REGULATIONS FOR THE
JUSTIS GAS POOL

RULE 5. (2) The acreage allocated o a gas well for proration purposes
shall be known as the Gas Proration Unit for that well. For the purpose of Gas Alloca-
tior in the Justis Gas Pool, a standard proration unit shall consist of between 316 and
324 contiguous surface acres, substantially in the “orm of a rectangle which shall be
a legal subdivision (half section) of the U. S. Public Land Surveys with a well located
at least 660 feet from the nearest property lines;

(p) The allowable production from any non-standard gas prora-
tion unit as compared with the allowable productiorn therefrom if such tract were a
standard unit shall be in the ratio of the area of such non-standard proration unit
expressed in acres to the area of 320 acres. Any gas proration unit containing between
316 and 324 acres shall be considered to contain 320 acres for the purpose of computing
allowables.

(c) A non-standard gas proration unit may be formed after
notice and hearing by the Commission, or by administrative approval under the
provisions of Paragraph (d) of this Rule.

(d) The Secretary-Director of the Commission shall have
authority to grant an exception to Rule 5 (a) without notice and hearing where a verified
application has been filed in due form and where the following facts exist and the
following provisions are complied with;

1. The proposed non-standard proration unit consists of
less than 320 acres or where the unorthodox size or shape of the tract is due to a
variation in legal subdivision of the U. S. Public Land Surveys.
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2. The non-standard gas proration unit consists of contiguous
quarter-quarter sections and/or lots.

3. The non-standard gas proration unit lies wholly within a
single governmental section.

4. The entire non-standard gas proration unit may reasonably
be presumed to be productive of gas from the Justis Gas Pool.

5. The length or width of the non-standard gas proration unit
does .ot exceed 5280 feet.

6. The appiicant presents written consent in the form of waivers
from {a) all operators owning interests in section in which any part of the non-standard
gas proration unit is situated and which acreage is not included in said non-standard
gas proration unit, and (b) all operators owning interests within 1500 teet of the well
to which such gas proration unit is proposed to be allocated.

7. In lieu of sub-paragraph 6 of this rule, the applicant may
furnish proof of the fact that said offset operators were notified by registered mail of
his intent to form such non-standard gas proration unit. The Secretary of the Com-
mission may approve the application if, after a period of 30 days following the mailing
of said notice, no operator has made objection to formation of such non-standard gas
proration unit.

DONE at Santa Fe, New Mexico, on the day and year hereinabove designated.

STATE OF NEW MEXICO
OIL CONSERVATION COMMISSION

EDWIN L. MECHEM, Chairman
MURRAY E, MORGAN, Member

A, L. PORTER, Jr., Member & Secretary

SEAL

ga/



BEFORE THE
OIL CONSERVATION COMMISSION
STATE OF NEW MEXICO

IN THE MATTER OF THE APPLICATION )

OF EL PASO NATURAL GAS COMPANY

FOR AN ORDER REVISING AND AMENDING

ORDER NO. R-586 TO PROVIDE FOR AN CASE NO.
EXTENSION OF THE VERTICAL LIMITS

OF THE JUSTIS GAS POOL, LEA COUNTY,

NEW MEXICO

APPEARANCE

Come now Seth, Montgomery, Federici & Andrews, and enter thelr
appearance as attorneys for the applicant, El Paso Natural Gas Com-

pany, in the above entitled proceeding.

SETH, MONTGOMERY, FEDERICI & ANDREWS

By

Attorneys for Applicant,
Santa Fe, New Mexlco




OIL CONSERVATION COMMISSION
P. O. BOX 871
SANTA FE, NEW MEXICO

May 15, 1959

Mr. Jack Campbell
Box 721
Roswell, New Mexico

Dear Mr. Campbell:

On behalf of your client, Hamilton Dome Cil Company,
we enclose two copies of Order No. R-586-~F issued May
13, 1958, by the 0il Conservation Commission in Case
No. 728, which was heard on April 22, 1858 at Santa Fe
before an examiner.

Very truly yours,

—= TTu D G D

A, L. PORTER, Jr.
Secretary-~Director

ir/

Enclosures



PROPOSED RULES AND REGULATIONS
FOR THE GAS POOL,
LEA COUNTY, NEW MEXICO

WELL SPACING AND ACREAGE REQUIREMENTS FOR DRILLING TRACTS

RULE 1. Same as Order No. R=520, except substitute applicable

Gas Pool Name.

RULE 2. Each well drilled or recompleted within the
Gas Pool on a standard proration unit after the effective date of this rule
shall be drilled not closer than 660 feet to any boundary line of the tract
nor closer than 330 feet to a quarter=-quarter section line or subdiyision
inner boundary line. Any well drilled to and producing from the
Gas Pool prior to the effective date of this order at a location conforming
to the spacing requirements effective at the time said well was drilled shall
be considered to be located in conformance with this rule.

RULE 3. The Secretary of the Commission shall have authority to
grant exception to the requirements of Rule 2 without notice and hearing
where application has been filed in due form and the necessity for the un=
orthodox location is based on topographical conditions or is occasioned by
the recompletion of a well previously drilled to another horizon.

Applicants shall furnish all operators within a 1320-foot radius
of the subject well a copy of the application to the Commission, and appli=
cant shall include with his application a list of names and addresses of all
operatore within such radius, together with a stipulation that proper notice
has been given said operators at the addresses given, The Secretary of the
Commission shall wait at least 20 days before approving any such unorthodox
location, and shall approve such unorthodox location only in the absence of

objection of any offset operators. In the event an operator objects te the
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unorthodox location the Commission shall consider the matter only affer proper
notice and hearing.

RULE 4. Same as Order No. R=520, except substitute applicable
Gas Pool Name.

RULE 5. (a) The acreage allocated to a gas well for proration
purposes shall be known as the gas proration unit for that weil. For the pur-

pose of gas allocation in the Gas Pool, a standard proration unit

shall consist of between 158 and 162 contiguous surface acres substantially
in the form of a square which shall be a legal subdivision (quarter section)
of the U. S. Public Lands Surveys, provided, however, that a gas proration
unit of less than 158 acres or more than 162 acres may be formed after
notice and hearing by the Commission or as cutlined in Paragraph (d) of this
rule. Any standard proration unit consisting of between 158 and 162 con=
tiguous surface acres shall be considered as containing 160 acres for the
purpose of computing allowables.

(b) Any proration unit containing less than 158 acres or more than
162 acres shall be a non-standard unit and its allowable shall be decreaszed
or increased in the proportion that the standard proration unit allowable
bears to the number of acres contained therein.

{c) Non-standard units shall meet the following requirements;

1. Shall contain not more than 640 acres, the over=all
length or width of which shall not exceed 5,280 feet, except in in-
stances where the formation of a unit comprising four quarter sec=
tions results in a total acreage in excess of 640 acresy and in
such event, the unit will be considered to be only 640 acres for
proration purposes.

2. All acreage assigned a non=standard unit shall be ad-
jacent or contiguous to the acreage on which the well on said unit

is located,
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All acreage included shall reasonably be presumed

to be productive of gas.

{d) The Secretary of the Commission shall grant exceptions to

Rule 5 (a) without notice and hearing where the following facts exist and

the following provisions are complied with:

1.

Application for non-standard unit has been filed in

due form with the Secretary of the Commission.

26

Applicant has submitted satisfactory evidence that

all operators of offset acreage have been furnished with a copy of

the application for the unit.

3.

There is no objection, in writing, to the formation

of the non=-standard unit received by the Secretary of the Commission

from any offset operator within twenty (20) days after date of re-

ceipt of application by the Secretary of the Commission.

RULE 6,

Gas Pool Names

RULE

Gas Pool Name.

RULE

Gas Pool Name.

RULE

RULE

RULE

RULE

RULE

Gas Pool Name,

8e

9.

10.
11.
12,

13,

Same as Order

Same as Order

Same as Order

Same as Order
Same as Order
Same as Order

Same as Order

No.

No.

Neo

No.

Noo

No o

Noo,

R-520,

R=520,

R=520,

R=520.

R-520.

R=520,

R=520,

except substitute

except substitute

except substitute

applicable

applicable

applicable

Same as Order No. R=520, except substitute applicable



DEFINITIONS

RULE 14. A gas well in the Gas Pool shall mean any

well within the vertical

(a) Producing
carbons having a gravity

(b) Producing
carbons having a gravity
excess of 100,000/1.

RULE 15. Same
Gas Pool Name.

RULE 16, Same

RULE 17. Same
Gas Pool Name.

RULE 18, Same

Gas Pool Name.

and horizontal limits of the Gas Pool:

gas and liquid hydrocarbens, the liquid hydro-~
of in excess of 45° API, or
gas and liquid hydrocarbons, the liquid hydro-

of less than 45° API and a gas=oil ratio of in

as Order No. R-520, except substitute applicable

as Order No. R=520,

as Order No. R=520, except substitute applicable

as Order No. R=520, except substitute applicable
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BEHAVIOR OF GAS CONDENSATE RESERVOIRS

The purpose of this talk is to discuss the fundamental behavior of
gas-condensate reservoir fluids with particular attention given to explanations
of the changes in the producing characteristics observed in the field, and
thereby provide a basis for a better understanding of gas-condensate reservoir be-
haviorand to permit more reliable predictions of such changes as will occur in
a particular reservoir,

How is the production from a gas-condensate reservoir recognized?

Figure 1 lists the identifying characteristics, Items 1, 2, and 3 are those
commonly observed in the field., They are not always sufficient for positve
identification, Test No. 4 will be of value also, It can be made by sampling the
separator gas and liquid, anslyzing them and calculating the composite composition
when they are recombined in the producing gas-oil ratio, Test No, 5 will furnish
additional proof, Test No. 6, which can be made only in the lsboratory, is the
final proof.

Figure 2 shows the compositions of two typical gas-condensate fluids
compared with a "dark oil" reservoir fluid,

Field experience has shown that the physical properties of gas-condensate
production undergoes certain characteristic changes as the reservoir pressure
declines, For exémple Figure 10 shows that the gas-oil ratio rises steadily, goes
through a maximum then, if the pressure goes low enough, declines somewhat,
Simultaneously the API gravity can be expected to rise somewhat.

These observations, however, do not explain what happens in the reservoir

APR & 1354

to cause such changes,
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A major portion of this talk will be devoted to giving an explanation
of what happens in the reservoir, how such events can he predicted by laboratory
experiments and how the information so obtained can be helpful in finding the
most desirable method for exploiting the reservoir reserves, In order to proceed
in an orderly manner it is desirable to discuss briefly the basic science involved,
For the moment let us discuss three simple terms which all of you use frequently.
They are "gas", "liquid", and "eritical temperature.”

These terms were not coined, nor were the phenomena they describe first
discovered by the petroleum engineer, The classical researches of physicists of
the nineteenth century on the laws governing the behavior of pure liquids and of
mixtures of liquids under pressure described the behavior which is observed in
gas-condensate reservoir fluids today. It was not until the early 1930's with the
advent of higher pressure reservoirs that the petroleum industry "rediscovered"
the work of these nineteenth century scientists.

The terms "gas™ and "liquid" as commonly used are only relative, "Gas"
is normally thought of as a substance which can expand indefinitely to fill
completely its container and a "liqguid" as a substance adapting itself to the
shape of its container but not capable of indefinite expansion, However, under
the conditions of temperature and pressure found in gas-condensate reservoirs
these definitions of gas and liquid are inadequate,

Figure 3 shows a typical pressure-temperature diagram, This one happens
to be for propane, The diagram is shaded according to the density of propane
for various conditions of temperature and pressure, It shows that only the paths
which cross the vapor pressure curve show abrupt changes in density and that these
changes become less as the temperature is increased and finally disappear at a
certain temperature, This temperature is called the "critical temperature", Thus,
we define the critical temperature as that temperature at which the density of the

vapor becomes equal to the density of the liquid, It is possible to vary the
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temperature and pressure such that one can start in the gaseous region and
rroceed to a normally liquid state without passing through two-phase region,
Thus, the terms "vapor" and "liguid" have significance only when they are in the
presence of each other,

Figure L is the phase diagram of a mixture of two hydrocarbons, ethane
and hexane, Note that this mixture has a ecritical temperature, However, in this
case the transition from all gas to all liquid takes place over a range of pressure,
for a given temperature, instead of at a single pressure value as is the case for
a pure material, propane for example. Again note that it is possible, by varying
the temperature and pressure properly, tc cause the mixture to go from a gas-like
material to a liquid-like material without going through the two-phase (gas-liquid)
region,

Figure 5 shows the phase diagram of a complex mixture (a mixture composed
of many different hydrocarbons), This diagram is similar in its general shape to
the preceding diagram for the two-component mixture., It will serve as a model of
the phase diagram of a gas—condensate mixture because such a mixture is composed
of many'different hydrocarbons, Note that again there is a critical temperature,

_ a gaseous zone and a liguid zone, Figure 5 serves to show the important features
of the phase behavior of a gas-condensate reserfoir fluid,

A complete description, however, requires the explanation of one more
effect, That effect is called "retrograde condensation'. This phenomenon was
first observed by J., P, Kuenen at the University of Leiden in Holland during the
year 1892, He was the first to use the term "retrograde condensation". The term
implies a reversal in the normal behavior or the direction of the condensation
process, Thus, retrograde condensation refers to condensation of a liquid from a
gas upon the constant temperature expansion of the gas. Conversely, '"retrograde
vaporization", would refer to the vaporization of a liquid by constant temperature

compression of the mixture,
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Again referring to Figure 5, if the pressure were dropped isothermally
from point A to point B, the retrograde dew-point, liquid would start to appear,
Further reduction in pressure causes continued condensation until point D is reached
at which pressure the liquid volume becomes maximum, Further pressure reduction
results in vaporization of the liguid until at point E, the entire quantity of
liquid formed from B to D has been vaporized and the mixture is at its lower dew-
point, The condensation from B to D is retrograde, From D to E norﬁhl§vaporization
occurs, %

If the temperature of the mixture were increased sufficiently the ﬁfquure
can be changed from very low to very high values without the appearance of a liquid\K
phase, That is the relationship between reservoir temperature and the phase diagram
of the gas comprising a dry gas field. On the other hand, if the temperature of this
mixture were dropped to a value less than the critical temperature, and the pressure
raised high enough to move into the single-phase region, where only liquid will be
observed, the following events will occur as the pressure is progressively reduced
at constant temperature, When the pressure reaches the upper curve a bubble of vapor
will appear. This is called the "bubble-point pressure'" or "saturation pressure",
As the pressu}e is further reduced more vapor appears and the volume of liquid de-
creases until at the lower curve only vapor will be found with a trace of liquid.
This is the relationship between the reservoir temperature and a mixture comprising
a dark-oil reservoir.

Thus, the phase behavior of 2 given reservoir fluid is governed by the
relationship between its phase diagram and the reservoir temperature (Test No., 6).

Let us return our attention to the case of the gas-condensate reservoir,
The entire phase—behavior history during the production of fluid from an actual
reservoir will take place over only that part of the diagram included along the line

from B toward E, but usually stopping slightly below D,
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The task of predicting the properties of the production at various stages
during the producing life of an actual reservoir involves the use of a mathematical
or a laboratory method which, in effect, vastly magnifies the changes taking place

along the line BD,

We have tested the usefulness of the mathematical method and found

that in order to obtain a result of requisite accuracy experimental data would first
have to be obtained to feed into the equations since the necessary data do not exist,
The task of obtalning those data would be greater than the task of performing a
laboratory experiment which would give the answer directly. We prefer to use the
laboratory method, It is that method which will be described briefly,

— Figure 6 shows a cut-away drawing of the steel pressure vessel which is
the "heart" of the laboratory equipment, It is referred to as the "equilibrium cell",
The cell has a volume of about seven-tenths gallon. It is equipped with a pair of
glass windows through which the hydrocarbon contents can be seen, The contents can
be compressed to therdesired pressure by injecting mercury above the piston forcing
it downward, Samples of gas and liquid are obtained from a field separator through
which production from the reservoir to be studied is flowing, The samples are
obtained preferably as soon as possible after the reservoir is discovered and the
production has stabilized, The separator liquid and gas are charged into the cell
in their producing ratio. In most cases this operation reconstitutes the flowing
vapor phase in the reservoir, The pressure and temperature are adjusted to be the
same as exist in the reservoir, The contents are viewed through the windows to see
if any liquid phase exists, Usually there is none, The absence of liguid indicates
that only the vapor phase is flowing to the well bore, A sample of the vapor phase is
withdrawn for analysis with consequent reduction in pressure, This procedure is re-
peated from 8 to 15 times until the cell is depleted, Each time a sample is withdrawn
the volume of the liquid phase created by virtue of the retrograde condensation effect

is measured by viewing it through the windows while injecting a measured volume of

mercury into the base of the cell thus floating the hydrocarbon liguid past them,
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The laboratory procedure does not constitute a scale model of the reservoir,
The reservoir fluids in the cell go through the same phase changes that
they undergo in the natural reservoir,

Figures 7, 8, and 9 show the types of data obtained in the laboratory
study., Figure 7 shows how the concentrations of the various components of the vapor
rhase in the reservoir change as the pressure declines, Note that the concentrations
of the butanes and all the heavier components decrease steadily as the pressure
declines, This is due to the retrograde condensation phenomenon. Figure 8 shows
the volume percentage of the pore space occupied by the retrograde liquid phase for
one reservoir. That reservoir can be classed as a "rich" reservoir, The average
gas-condensate reservoir is "leaner'" and the volume percentage will be less, The
important poimt is that even for very rich reservoirs it is unlikely that the
volume percentage will reach the 20 per cent or so that is needed for the liquid
phase to flow toward the well bore, This brings us to the characteristic of the
gas-condensate reservoir which makes it basically different from the dark-oil
producimg reservoir, That is, the stock tank liquid content of the reservoir is
contained in the vapor phase, and all the liquid which retrogrades out in the reservoir
will usually never be produced by the rrocess of producing the gas, This is exactly

opposite from the dark-oil reservoir where the liquid is usually produced into
the well bore concﬁrrently with the gas, To use the scientist's terminology, the
gas-condensate reservoir is unique because the characteristics of the production are
controlled by the thermodynamic properties of the vapor phase whereas in the dark-oil
producing reservoir it is the dynamics of the flowing fluids which control,

The laboratory results can be assembled to show the extent of the retrograde
condensation losses, Figure 9 shows a typical example, In general the richer the

reservoir fluld the greater will be the percentage loss,
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It is appropriate to ask, "How dependable are these laboratory procedures
for predicting gas-condensate reservoir behavior?"

The problem of proving the soundness of the laboratory technique requires
a great deal of patience, Whereas only 10 to 15 days are required to complete a
"production history" in the laboratory on a particular reservoir fluid, we must
wait the usual period, measured in years, for the natural reservoir to complete
the same degree of pressure depletion. However, the comparisons we have been able
to make so far indicate that the laboratory method gives reliable results,

Figure 10 presents an example of another use of the laboratory method,
A comparison was made between the actual gas-oil ratio history of a gas-condensate
reservoir and the gas-oil history calculated from the results of a laboratory study of
the type just described, Note that the labcratory study predicts a uniformly
increasing gas-oil ratio resulting from retrograde condensation: of the heavier
hydrocarbons in the reservoir. The field history, by contrast, showed the gas-oil
ratio history to follow a rising trend but at a much slower rate., This reservoir
included an o0il rim, Other information gave support to the idea that there was =2
liouid phase saturation present of just the right degree to give it an incipient
mobility, Thus, the liguid which retrograded out of the gas, flowed to the well
bore and helped to maintain the gas-o0il ratio, However, as the pressure continued
to drop the natural shrinkage of the liquid phase finally became large enough that
it exceeded the additional liguid being contributed by retrograde condensation,
This resulted in a decrease in the liquid phase mobility to nearly zero, It is now
expected that the gas-0il ratio history will follow the laboratory prediction for
the remainder of the reservoir's life, From the standpoint of the producing
mechanism in this reservoir it can be said that during its early life the dynamic
cheracteristics of the two flowing fluids, gas and liquid, controlled and during

its later life the thermodynamic prorerties of the vapor rhase will control, Time
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does not permit a discussion of the usefulness of such a study in making an
economic-engineering appraisal of a particular reservoir with regard to the value

of pressure maintainance, However, such use will be evident to you,

MRD/FHP /wlb



JA08V YO 3UNSS3IY¥d 1INIOd-M3I0 IAVYO0¥LIY
3HL 1V SI Qin74 HIOAY3IS3Y 3HL 40 31VlS 3SVHd

0L1 ANV 0Z1 N33mL138
NOIL1JVYdd4 + SINVLdIH 40 LHOIIM dVINIITON

INVHLIN NI HIIY NOILISOdNOD
$S3740109 OL MVYLS ‘40102 110 YNVL
IdV 8% JAOBV ALIAVY9O 110 MNVL
000°01 NVHL ¥3LV3IY9 409

d10AY3S3d JLVSNIANOI-SVI
vV 40 SOIL1S1H3LIVHVHD
| 34N91 4

¥rs—{$—-20l L¥Od3IN NOISIAIQ HOUVISN
ANYJIWOD MNIT0ULId SdITNUHd

—~— Mg W0

w



0¢¢ 0tl 06l 1HOI3IM
4V INJ3T0N + SINVLd3H

0°001 0°00] 0°00!
°9€ 2’ 0°G + SINVL4IH
8°'S 90 8 SINVX3IH
09 L0 12 SINVLN3d
2'6 €l L't SINVLNG
L2l I'€ V'S INVdOYd
8°l1 L0l 9'6 INVHL3
1"81 28 | el ANVHLIN
aindl 1 Y10AY3ISIY NIl HOIY
710-%4va aIn74 ¥10A¥3SIY ILVSNIANOD
IN3243d 370N NI SNOILISOdNO)D
T10-W4vd

ONV 3LVSNJANOD- m<o
404 SNOILISOdNOD "IVIIdAL

¢ 34N914

Yrs—1s-z0l L¥0J43¥ NOISIAIQ  HOYV3S3Y
ANVINOD NN3II0YL3d - SdITNUHL



‘sayY Ni

-1 4 3ad §

‘DS ¥3d $871 NINSSIUL

€01 Ly0d3N NOISIAIQ HDYV3S3d
ANVJWOD WNII0ULId SdITINHG

F

TEMPERATURE DEG.

FIGURE 3 CONTINUITY OF GASEQUS AND LIQUID PHASES



00t

JANLXTIN INVLd3IH-N-INVHL3
404 WVYHOVIQ 3dNLVY3IdNIL-3UNSSIAd v 914

4 ‘3UNLVYIINIL
00€ 002

001

4JOdVvA

_—

/

~J

d0dVA ANV QindIT

aindi

N\

-3UNLYHIdN3L

% LM 60°0L INVLd3H-N
% LM 1662 INVHLI
8€61 “09% “0€ 0731

AV G°M

1VI1114)

¥rs1S-201 L¥0d3N NOISIAIG HOXY5SIY
ANVAWOD WN3I0813d SHiTTHd -

00¥

o
o
- o]

00¢i

V1Sd “34nSSIud



NOI LVSNIANOD
3AVYO0HL3Y 40 JdNLV TONINON
JLVYLSNTI OL AWVYHOVIAQ ISVHd G 914

JPNLVHIdNIL

JUNSS3IHd

¥rs—16-t0f L3043 NOISTAIQ KHOUY3S3N
ANVJINCD NNIN0¥L3d SdiTVHL



=
o
=
=
=

R COMPANY
REPORY 102-51-84R

RESEARCH DIVISION  _ REP
ﬁ:%\ CONNECTION TO
MVM CELL

- e e
——v—— -

]
LIQUID PHASE || U~~s—MERCURY SUPPLY LINE

SAMPLE LINE

FIG. 6 PISTON CELL



NOI131d3d FdNSSIdd
ONIINd 39NSS3dd 40 NOILONNS ¥ SV
din14 d3idNdodd 40 NOILISOdWNOD L 9l 4

'V1'S'd 20l NI 34nSS3ud
¢ 9¢ 0E ¥Z 81 “d 9 O

\\ — |
2z N

T A L N
’ \ —— // =

e | m
¥y —
lmw\ !/ / r—
- \\ /7 ¢ =T
+NU\ _ / oL
2 ML LS

- U — ae)

o1 28
2t
38
2 Z
=

0¢

0S

— 19 ——10L

001

YrSIS™T0L L¥OL3¥ - NOISIAIG HOYY3ISIY
ANYJWOD WNIT0¥13d SAITTHHL



NOIL31d30 J4NSSIUd
ONIYNA J¥NSS3Hd 40
NOILONNS V SV dI0Ad3S3d

JHL NI QinDIT G3SN3IANOD 8 Ol

V1'S'd 201 NI 34NSS3Ud
o 9€ ¢t 82 vZ 02 91 ¢l 8

14

0

\ A

N7

drs=i$=201 180d43¥ NOISIAIQ . HOX VYIS 3y
ANVYIWOD WNIT0ULId  SHITTIH

oI

¢l
14
91
81

30VdS 3JH0d J0 %
aINdIT HI0AY3S3Y AISNIANOD



INJIINOD 1VNIOIYHO
40 39VINIOY3Id V SV
JNNTTIOA HI0AY3S3d 40 LINN

V1°'S'd 201 NI 34NSSIYd

OF 9€ ¢€ 8¢ ¥2 02 91 21 8

d3id NOIL31d3d HNSSIdd
A8 A43IAN0D3d FAILYINAND 6 914

14

0

h

7T

Al
N
&)
AU
o

) Y
¥ys—-is—zol Lyod3Y NOISIAIG HOYY3S3
ANY JWOD WN3T03L3d SHITUHL

0
0l

0¢
1]
114
0S
09
0L
08
06
00l

IN3INOD YIOAY3S3Y VILINI

INNTOA NI AHIAOD 3N

0 %



1314 TYNOILdIIX3 NV NI JONIIHIdXT ANV
NOILJIQ3dd AJOLVHO8Y 1 NI3mML3Id NOSIdVdNOD OI 9l

ISd 34NSSIHd YIOAYISIH

000¥ 000€ 0002 0001 0o
00001
000°v!

A / V 000°g]
\
~ | -~ 00022

Iinlno— L¥0d3¥ NOISIAID HONY3IS3N.
ANVAWOD WN3IT0¥Ll3d SdITHHL

0llvd T10-SV9 9NIdNA0Yd



Mo, Monterey Oil Company
% 0gp

., 430 STATLER BUILDING , 900 WILSHIRE BOULEVARD ‘ LOS ANGELES 17, CALIFORNIA

A
Do

Y20 February 24, 1956

Mr. W. B. Macey

0il Conservation Committee
Box 871

Santa Fe, New Mexico

Dear Mr. Macey:
Please send by parcel post, COD, the Exhibits by

Gulf 0il Corporation for Case No. 727 and No. 728. If prints

are not available, we hereby authorize you to duplicate same.

Very truly yours,

e o
Stapford Pggk T~
SP:t Chief Petroleum Engineer
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OIL CONSERVATION COMMISSION
P. O. BOX 871

SANTA FE. NEW MEXICO

March 8, 1956

Monterey 0il Company

430 Statler Building

900 Wilshire Boulevard
Los Angeles 17, California

Attention: Mr, Stafford Park
Gentlemsn:

Enclosed please find the exhibits of Gulf Oil Corporation
in Cases 727 and 728, We do not have an extra set of these
exhibits and since we do not have adequate reproduction facilities
here in Santa Fe, we are sending this set to you for your duplica-
tion.

We would appreclate your returning these exhibits as soon as
possible.

Very truly yours,

We Be Macey
Secretary « Director’

WBM:bxp

CERTIFIED MAIL
RETURN RECEIPT REQUESTED




