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SPECIALIZING IN:
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BEFOKE THE
NEW MEXICO OIL CONSERVATICON COMMISSION
Santa fe, New Mexico

February 26, 1969

EXAMINER HEARING
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IN THE MATTER OF:

Application of Benson-Montin-Greer
Drilling Corporation for special
pool rules, San Juan County, New
Mexico.

Case No.

- — - — i VT . — A —p — . —— s b W W) D G - -

BEFORE :

Elvis A. Utz, Examiner.

TRANSCRIPT OF HEARING

4067




MR. UTZ: Case 4067.

MR, HATCH: Case 4067. Application of
Benson-Montin-Greer Drilling Corporation for special
pool rules, San Juan County, New Mexico.

The applicant has asked@ that the case be
continued to March 5th, 1969,

MR. UTZ: Case 4067 will be continued to

3-5-69.




STATE OF NEW MEXICO )
)ss
COUNTY OF RERNALILLO )

T, GLENDA BURKS, Court Reporter in and for the
County of Bernalillo, State of New Mexico, dc hereby
certify that the foreqoing and attached Transcript of
Hearing before the New Mexico 0il Conservation Commission
was reported by me; and that the same is a true and
correct reccerd of the said proceedings, to the best of

my kncwledge, skill and ability.

¥itness my hand this 29th day of March, 1969.

Al ds Bk

Court Reporter
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BENSON-MONTIN-GREER DRILLING CORP.

EXHIBITS IN CASE NO. 4057
BEFORE_THE
NEW MEXICO OIL CONSERVATION
COMMISSION

March 5, 1969
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REVERBNCES

B-M-G, "METHODS OF INTERPRETATION OF PRESSURE BEHAVIOR
IN THE OIL PRODUCING FRACTUKRED SHALE RESERVOIRS OF

THE PUERTO CHIQUITO POOL, RIO ARRIBA COUNTY, NEW MEXICO
November 1, 138G", Pages 23 - 228 and Figures 9, 10, 11
and l2.

ﬁgSKAT£8:PHYSICAL PRINCIPLES OF OIL PRODUCTION", Pages
5 - keo.

ggSKAT, "PHYSICAL PRINCIPLES OF OTL PRODUCTION", Page
7.

MUSKAT, "PHYSICAL PRINCIPLES OF OIL PRODUCTION", Page
487, Equation 2,

"METHODS OF INTERPRETATION etc." (see Reference 1).

"METHODS OF INTERPRETATION etc." (see Reference 1),
Page 12, 20, Figure 30, Figure 5.

"METHODS OF INTERPRETATION etc." {See Reference 1),
Page 40.
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"METHODS OF JINTERPRETATION etc." {sec Reference i),
Page 28.
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GECLOGICLL BASIZ FOR DETERMINILG
AREE Or LH:PLOFATION

Two criteris form the basis for the determinraticon
of the subject exploratory ares. These are:

1. Adeguate development of & zone within the
Niobrara member of the Mancos Shale, and

2. Proximity to the steeply dipping Hogback rising
out of the basin.

The exploratory area lies on a portiosn of the west
rim of the basin, and as shown by the structural contour map
(Figure 2) at the end of this section, the formations exhibit
some of the steepest dips foundé anywhere in the San Juan Basin.
Some of the dips are twice 2s steep as was found in the Verde
Gallup Pool to the southwest,

Development of a critical zone within the Niobrara
is shown by three cross-sections prepared from electric and
radiocactive logs of wells in the area. These cross-sections are
included at the end of Lhe text in this section. These cross-
sections show certain correlative markers within the Niobra?a,
which for convenience are listed alphabetically from A to E.

We consider plarker A tp be the top of the Niobrara.

The first of these cross-sections, Figure 3, which is
along a southwest-northeast line, goes througnh the well in which
first production was obtsined in tnis zrez. This well was

originaelly drilled by Standard of Texes &nd is now operated by

Benson-Xontin-Greer Drilling Corp. «id dcecinzioe? on the cross-
section as Penson-rontin-Urozr Driiling Coru. lz. -5 Svandsrd of
Texas. The well was completed with an uncemented liner in 200
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Teet of open hole, sc it is impcessible to tell exactly Lhe

zone from which the precduction originates. It is beliecved,
however, that in this well it is coming {rom the zone colored
in brown on the cross-section.
This zone 1s obviously better developed in the
wells in the central part of the cross-section. Definite
thinning of the zone cccurs to the southwest, as 1is evident
in the non-commercial well drilled by Standard of Texzas in the
southeast quarter of Section 14, Township 31 North, Range 14
West (left-hand log on Figure 3). The zone alsc appears to be
deteriorating to the northeast as shown by the Southern Union
No. 1 Jones in Section 22, Township 32 North, Range 13 West
{right-hand log on cross-section). Interpretation of this
well's log, however, is more indefinite than interpretation of
logs of wells in the ares to the south and west in which the
zone definitely thins. The well with the apparently thickest
section of the zone colored in brown is the Texas National No.
1 Johno. We believe its section 1s probably no thicker, however,
than the three wells next south of it, for as can be seen [rom
the c¢cross-section, this well also has an apparently thicker
secticon 11 the way from Marker A to E. This anoma_.y is
probably best explained by assuming this well to have a straighter
hole than fthe others and therefore indicating thicker sections.
Tne second crecss-seetion (Fizure 4) is e2lso from
the southwest to the northeasti, Zl.spizced approximebely two miles

[CIORV

east of the first cross-
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length. It lies a little more direcily norin and south
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designated as & south-north cross-sectiorn.

All the lcoys on thils cross-section, except the
Southern Union No. 1 Jones, gre ES Iuduction surveys and the
correlations are a little more definite than the wells on
the first cross-sectlion. Here agsin the positive thinning of
the main prospective producing Intervsl 1s ncted to the south,
along with possible deterioration to the north in the vicinity
of the Southern Union No. 1 Jones.

The third cross-section (Figure 5) is an east-west
crcss-section and goes through the other producing well in
the proposed unit area. This well is the Lloyd B. Taylor No.
1 Vic Walker in the northwest quarter of Section 6. Here the
producing interval is defined a little more closely (as

compared to the B-M-G M-5) in that 51" casing was set in this

well at 2248 feet and the well was completed with approximately

260 feet of open hole. A natural oil show of approximately 3
barrecls of o0il per day was encounter-” in this well below the
ctuween 2250 and PUO0 “eet. It is believed the bulk of
this ©0il show 3. picked up in the first 70 feet below the
casing. This is not definite, however, as actual productivitly
tests of the 0il shows were not made in the open hole below the
54" casing.

It also appears from this cross-section that the
zone has adeteriogaiya i the westernmost well. Pen American
Petroleum Corporation lNo. 1 Ute Mountain Tribval E. This is not

definite, nowever, as we nave 1o assurance that Lhe lors are
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N exactly compar2ble in electrical characteristics. Even so,

-3 with the information now avalilable, the logical Interpretation
i is that the main prospective zone would be ncn-productive in

' the vicinity of this well,

L) No effort has been made to contour the thickness or
\ attempt to anslyze the relative quality c¢f the indicated main
: prospective pay zone. The area of the obviously better zone,

’ however, is shown on the contcur map, Figure No. 6 at the end
b of this section. The are¢a which carries this significantly

T better section has veen colored on Figure No. 5 in blue. It is
] noted that this area generally follows the synclinal trend as

B indicated by the structural contours. Whether this is of

: significance is at this time unknown.

o As to the second criterion (proximity to the area

! of steeply dipping beds), we consider as most promising the

: area along the strike of the steepest dipping beds, with no

= limits laterally along the strike, but with certain down-dip

) and up-dip limits, the locations of which are estimated as

b follows:

x Down-Dip: Here we draw on experience iu West Puerto

Chiquito, in which high capacity production has been obtained
as far as one mile basinward from point of basin flexure. We
have accordingly estimated the down-dip limlii &3 veing within
one mile of this point, wnich avpproximately coincides with the

zeyro contour on the structural maps herein.
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Up-Dip: Here we have bases for threec separate
postulations for the location of the up-dip limit. These are:

1. Comparison with earlier pools,.

2. Locus of possible up-dir faulting.

3. Indication of possible boundary condition
affecting pressure build-up survey in the Taylor No. 1 Vic Walker.

Each of these are discussed as follows:

1. Up-dip limit of commercial production found in
the Boulder Pool is withln the contour interwval 100 feet to 200
feet higher than the polnt of up-dip flexure. In the Verde
Gallup Pool, the wells drilled at a position structurally higher
than the 200 foot contour interval above the point of up-dip
flexure were substantielly poorer wells than those drilled in
the main field. On the average, wells in this ares would be
considered not commercial. If this structural position of up-dip
1limit of commercial production in the Boulder and Verde Gallup
Pools has any significance, and if seems fto us it does, then one
hesitotes to inelude in the La Plata area as lands holding promise
of production anything which lies structurally higher than 200
feet above the point of maximum up-dip flexure.

2. Locus of possible faulting: As discussed in
Section D herein, there 1s strong evidence that a fault occurs
in the vicinity of basin flexure. Since the amount of flexure
1s nearly the seme on ithe up-aip sidce of the Hopbsclk 28 on the
basin side, 1t seems possible that an area of faulting may occur

- ~ L M o Bl B I L STy pad —~ A K L :
at or nesr ithile iine of maximun flcxure on the np-din side. I0

W

so, this would place an srea of faullling alon; the 4,000 to 4,100
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foot contour interval (contour reference point beliny "E" inarker).

3. Informstlion from pressure vuild-up survey on
the No. 1 'Vic Walker: As discussed in Section D herecin, there
appears to be a good possibility that some kind of boundary
affecting fluid flow characteristics lies within a8 distance of
about 2,000 feet from the Tayleor No. 1 VWalker. In view of ‘
Items 1 and 2 above, plus the fact that the better developed part
of the Niobrara section appears to deteriorate to the west of
the No. 1 Walker, it is logical tc assume that this boundary
condition ison the up-dip side. 2,000 feet horizontally from
the No; 1 Walker is the approximate location of the 4,100 foot
contour interval, and this zccordingly seems a likely location
for the up-dip limit of production.

With down-dip and up-dip limits as above described,
the prospedtive area meeting the qualifications of our second
criterion becomes the area colored in red on Figure 7.

It we now define the most prospective area for
production as being the one which meets both criteria, we arrive
at the area on Figure 8 which is colored in yellow. A secondary
area, or area with potential producing possibilities but
regarded as inferior to the primary area, 1s shown on this
Figure 8 as the area colored in brown. These primary and
secondary areas (yellow and brown on Figure 8) are sometimes

nerein rveferred

T
[P

as Areas A and B respectively.

On the north side of the proposecd unit, Area B lies

1

approximately aleong the strike and within a distaence of zbout

4
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one mile from the norith boundsry of Ares A, On the scouthrwes




side of tre unit 1t lies within gpproximately one mile of

the boundary of Area A but restricted somewhat because of the
poor section in the Elizabeth Elliott well in the northwest
quarter of Section &.

It zppears likely that Areas A and B are divided
Into at least two fault blocks by a sezling fault in the
vicinity of the zero contour, Location of this fault and the
method in which it divides Areas A and B into two fault blocks
is shown on Figure No. 9. Elsewhere herein, particularly with
respect to Area A, reference is made to the fault blocks lying
on either side of this fault. The basinward fault block is
sometimes referred to as the "basin block"” and the up-dip
fault block somelimes referred to as the "rim block".

Mention should also be made in this séction of
possible additional zones of production. As previously
indicated, the principal ione of interest is the one colored in
brown orn the three cross-sections. The adjacent yellow and
green zones may also be productive, and completion methods
should include stimulation of these zones. In addition, however,
to the section lying between the D and E markers, we belicve
the zones lying between markers B and C deserve testing. These
three zones lying between the B and C markers zppear to have
adequate continuity across the lands covered by the proposed
unit area to offer possivbiliiies of commercial preduction. In

orted o0il shows

.

the drilling of his No. 1 VWalker, Lloyd Taylor re
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~with the zones between b
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a 2b-hour balling test, which was witnessed by a Benson-iont!in-
Greer representative, indicated a natural productivity of 3
varrcls per day. This show, having persisted to the depth
drilled in the time required, 1s considered a show which
warrants testing. These prospective producing zones in the No.
1 Walker are cemented off behind the 54" casing, which is
bottomed at 2,248 feet.

Further, regarding additional zones o¢of interest,
attention 1is czlled to the apparent development below the E
marker in ths Texas National No. 1 Johns shown on cross-sections
Figures 2 and 4.

This apparent anomaly might of course be explained
as a partial duplication of the overlying zones, resulting
from faulting, particularly since this well lies close to the
postulated fault along the basin flexure. On the other hand,
this would require reverse or thrust faulting, and we do not
know if tectonics in this area have been such as to permit this
type faulting. Faults have been penetrated in East Puerto
Chiquito with vertical displacement of as much as 280 feet.
These, however, were normal (slip-type) feults. Accordingly,
unless strong evidence to the contrary were developed, we would
anticipate here at La Plata that faults would also be normal.

Accordingly we believe wells in the area should be

~

M bin S B 4
ugerrtrac v

o o Zeopth adenusnte fo penctrate this possible

[&))

additional zone. And in fact, for wells in the vicinity of the
Texas Habiornal Mna. 1 Johns, consideration should be given to

coring this Iianterveal.
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DISCUSCTION OF RMOERVOIR MECHANICS

i
AND POSSTIRLK OLT, neCOVRRIES

e g N e

PART I COMPARJSON WITH OTHER POOLS ?

The prospective producling zone or zones are in the
Niobrara member of the Mancos Shale Formation. Pools in the

San Juan Basin which produce or have produced from this
drawn respecting possible production and oil recoverles in

this proposed unit, are the following:

:
fractured shale, and from which generalized conclusions may be
a. Verde Gallup

b. Boulder iHMancos

¢. East Puerto Chiquito

d. West Puerto Chiquito. : 1
|
General information as to 2il in place, recoveries ‘

and reservoir characteristics of each of these pools is

VERDE GALLUP

|
discussed briefly below.
|

We do not have information ss to initiazl reservoir
pressures, pressure decline, fluid samples, productivity indices 1
or other information which would be helpful in enelyzing thi
reservoir performence. The better part of the reservoir,
however, exhibited an excellent fracture system, and many wells
were completed for natural production withnout requiring
stimulation. Unofficial estimates of productivity suggest some
of the better wells m2y have had produciivilics maasurced in
terms of thousands of btarrols pev day., Communicatlon was

obviously extensive throushout the fleld and undoubtedly larse-

)

1

scale migration across the pool toward Lhe better wells vesulted,




i Al

==

LA e

Accordingly it is dirrlicult Lo estimate accurately oil
recovery per acre, lel alone Initlal oil in place. Average
recoverles for the better part of the pool, however, were on
the order of 500 to 1,000 barrels per acre. It is almost 3
certainty that any group of wells that shows greater tnan
1,000 barrels per acre ultimate recovery has berefited by
draining adjoining tracts. About all that can be gained from
a study of the Verde Gallup history is that recoverles on the

order of 500 to 1,000 barrels per acre on the zverage (with

pm—

1,000 maximum).may be anticipated from a comparable reservoir
produc=d under competitive conditions.

BOULDER MANCOS

More information is available for the Boulder Pool

than for Verde Gallup. Ultimate production from this pool will
approximate 13 million barrels, or about 750 barrels ver acre.
Some pressure data is available, as well_;;-; fluid sample.
Although pressure data for this pool is not as cciplete as
might be desired, it nevertheless is adequate to provide an
approximate calculation of tetal oil in place. Since the oil
was originally undersaturated and rates of pressure decline both
above and below the bubble point are available, it is possible
to calculate the smount of free gas which originally existed

in the reservoir, which quantity must be known in order to
properiy interorct tho pressure hehavior and determine volume
of 0il in place. "These figures are of coursec only as accurate

-

2g the pressure decline data used in the calculations, IU is
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belleved, however, that the dsta and resultant analyses are
accurale cnough Lo provide approximate values for these
reservolr characteristics., They show 12 to 13 percent of the
reservoir space originally occupied by free ges, and 4.3 to
4,4 million barrels of oil in place. This means 2 recovery
approximating 2y to 35 percent of oil in place was realized in
Boulder. The Boulder Pool exhibited an excellent fracture
system. Many of the wells in Boulder were completed for
natural production without requiring stimulation. Standard of
Texas reported transmissibilities as high as 47 darcy feet

for one of its wells, and although capacities this high are
difficult to measure with accuracy, there is no deoubt that the
fracture system in Boulder was of a high transmissibility. One
of Mobil's wells flowed uncontrolled for a short period at
rates approximating 4,000 barrels per day. Such preductivity
would require a transmissibility on the order of loyto 3¢
darcy feet. It 1s probable that the main fracture system in
Boulder had a2 transmissibility in excess of 10 darcy feet. The
Boulder Pool reservoir characteristics may accordingly be

-__——__—___—.————-.
summarized as approximating 2,200 barrels per acre in place,
o e it el

750 barrels per acrevyecoyerab}g, for approximately 34 to 35

~—

ervcent recovery of initial oil in place, and initially having
y ~

a main fracture system transmissibility in excess of 10 darcy

foetl

EAST PUERRTO CHIQUITO

Eagt Puerio Chiquitao is a smell pool, approxinstely
the size oI Houlder, and 1s chersclorized by @ comporatlively

b R A ok




Inferior fracture system, at least to the extent that 1l but
one of the wells have required stimulation in order to produce
at commerclal rates. No information 1s available as to
fracture system transmissibility other than by comparison
with Boulder, in whic!li 1t is obviously of much lower
fransmissiblility and probably much lower volume of oil in
place per acre. The chief benefit gained from a study of East
Puerto Chiquito is the apparent bcnefit of reservoir control
which has been exercised In the manner of producing the wells.
Effect of this is discussed briefly in Part III of this section.
WEST PUERTO CHIQUITO

A great deszl of information has been obtained in
West Puerto Chiquito as to reservoir pressures, reservoir fluid
samples, and interference tests. Calculations of o0il in place
per acre made from interference tests at a time when the
pressure was above the bubble point indicate o0il in place in
West Puerto Chiquito to be between 1,000 and 2,500 barrels per
acre, depending upon the coupressibility of the reservoir rock.
Little information is available as to the compressibility of
a fractured shale reservoir rock, and the resulting calculations
are indefinite to the extent of this uncertainty. A reasonable
estimate at this time, however, of initial o0il in place in

West Puerto Chiquito, determined from interference tests, would

r

¢ on average of the above estlmated ewtremes, or spproximately

1,700 barrels per acre, ;Az&muu1£l /969/,/7 ({/degetL/ S .
2 P (/ % R S /}L«J—-&

Interierence tests have vlaced fhe Lraonsmissibilily

of the maln fraciure sysion in West Puerio Cnignito on Lne order
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of % to ¢ darcy fect . VWo summarize Che Inrformstion as Lo West

Puerto Chiguito at this time a&s belns approximately 1,700
barrels per scre in place, with 8 transmissibility of & to ©
darcy feet. West Puertoc Chiguito is a relatively large
reservoir. The limits have not yet been defined, but the

reservolr is believed to cover in excess of 10,000 acres.

SUMMARY OF PART I

Although it is virtually impossible from cores and
logs to determine the rescrvoir void space in these fractured
shale reservoirs, a study of flow characteristics of fractured
systems indicates that a net producing interval of 10 to 50
feet thickness with porosities of 2 percent ranging down to 0.9
percent will generally satisfy the recquirements of reservoir
volume and traznsmissibilities exhibited by the fractured shale
reservoirs found in the San Juan Basin., 9One such study (1) *
compares transmissibilities and diffusivity constants of
fractured reservoirs with sandstone reservoirs. These studies
indicate that the relatively h'gh well productivities as
compared to sandstone or intergranular limestone reservoirs (for
a like volume of o©il in place) are to be expected, and that a
general relation may be anticivated to exisi bdetween porosity
and permesbility, though probably covering a wider range than
for sandstone and intergranular limestone, Accordjngly this
relation might be used iun & gconera2l way to estimate oil in place
by comparing transmissivilities. Although one 1Is ordinarily

hesitant to base reserve ¢stimotios on well preduccivil

* A1 references gre listed under Section 1




— ey — -

e

A

formation transmissibility zlone, this is ofter about zll

the datla available early In the life of & fractured snale
reservolir, The relatior. ¢of pore velume to permesblility (ard
hence transmissibility for compariscr of zones of egueal
thickness) is shown in Figure 10 * at the end of this section,
for one type of fractured system,

One mizht interpret {rom this Figure 19 that if
two reservoirs are compared and théy have approximately the
same number of fractures per foot of thickness of producing
section, and tne zones are of approximately the same thickness,
the porosity can be expected to be higher in the reservoir of
higher permeability. The relation is spproximately a twofcld
increase in porosity for a tenfold increase in fransmissibility.
Expressed mathematically, we may say that the ratio of pore
space in the two reservoirs would approximete the ratio of
their transmissibilities tzken to the .3 power.

Our present estimate of fracture system transmiss-
ibility for Iz Plata is 1 to 2 darcy feet. If we assume it to
be 1.5 darcy feet and estimate o1l in place through the zbove
described relation by comparison with Boulder (10 darcy feet,
2,200 bbl/zcre STC, FVF 1.1) 2nd lest Puerto Chiguito (6 dzrcy
feet, 1,700 bbl/acre STO, FVF 1.29) we obtain:

1,370 bbl/acre of pore space (Boulder comparison)

1,450 vbl/acre of pore space (West Puerto Chiguito
comparison)

R T L
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an ?1‘."‘1‘1'(’“._;{‘ ol E?‘:)}\I"'xi’ b2
011 !In place per zere would sccordincly be 1,150 nbhl/scrce

for e FVF of 1.2 {(basin block) or 1,200 wbl/zcre for g IVE of

1.12 (estimated aversgze of the rim block). Since this method
is at best gpproximzie we now estimate, for b

oth the rim

block and the basin block, 1,200 bbl/zcre of steock tank cil

-
orlginally in place for the main prcducing zone.
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DRAT:ZAGH Db

ol
As explained oy liuskat ( th ttitative deler-

minatlion of the contribution of the gravity drzinage mechanisnm

to the uvltimate recovery of many oll pools is extremely

difficult. There¢ are, however, some generazl theoreticzl consider-
ations which pcint so strongly to the significantly higher
ultimate recovery which may be realized if this mechanism be
allowed to play 3 substantial role in the depletion of a steeply
dipping fractured shale reservoir that we believe they should

not be disreszrded, end accordingly every effort should be made,
in producing one of these reservoirs, to teke maximum advantage

of this depletion mechanism,

Residual liguid saturations which mzy result in 2
r-servolr depleted by gravity drainage have been variously
estimated as low as 20 tc 25 percent. This is for relatively
permeable sandstones. One intuitively would estimate that s

fractured reservoir would have even a2 lower residual saturation,

in view of the probably lower amount ¢f surface area exposed and
probably less retention of o0il by the forces cf capillary action.
Accordingly we believe we might rezsonably expect residuesl
saturations of 20 to 25 percent in these fractured shale
réservoirs if depleted by graviity drainsse. Then, Tor an oil-

wel resesrveir donleted by grevity dreairage, 17 the originail

T cy 2 e . . <~ e N ey N . [ R Yiwn d ot -
reservoir prossure cazn Do maintalnen such thiet noe shiringacs

Ty ey LR S A I P e e e /L $- . ) N vt PPN
cceurs In thne rogliduzl o011, zs muen zs 7o Lo 20 pzreernt of (he

initisl il in plsce L be reccvered b revity dreirase.  On




thie other herd, I1If 10 percent of the pore space were cccupled

by connate water, then the residual o0il szturation might be as
low as 10°to 15 percerit of the initiel oil in place (total
residual fluid saturation 20 to 25 percent). This means, then,
that as high as 85 to 90 percent of the original oil in place
might be recovered through gravity drainage.

As stated by Muskat (3) the gfavity drainage
mechanism is inherently rate sensitive and little benefit may
be realized from a reservoir with good gravity drainage
possibilities if it is depleted at a rate too fast to permit
the gravity drainage to operate., Under such conditions only
solution gas drive recoveries may be anticipated,.

Here, then, is a tremendous difference in ultimate
recoveries dependent simply on the method of operation of the
pool. Solution gas drive recoveries will ordinarily be on the
order of 15 percent of 011 in place, and so, with gravity
drainage recoveries of 75 to 90 percent, we have a five to six-
fold increase in ultimate recovery possible by taking advantage
of the supericr depletion mechanism,

Although fractured shales appear to have
characteristics which will vermit high gravity dralnage
efficiency, they also possess the characteristic which permits
extremely rapid depletion rates under the solution gas drive
mechanism, wirich 17 allowcd Lo cperate will destraoy the gravity

acteristic is the ratio ¢
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permcabilitly to porceily., The relative valnes of this function
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set out on Figurc 10, Simply stated, this means thal wells

producing from fracturced shale reservoirs have suchi high

capacities to produce (with respect to oil ir place) and

accordingly are so rapidly depleted that the only effective
producing mechanism is solution gas drive. In cother words, a
pool which is indiscriminately developed and produced cannot
be expected to have a high gravity drainage efficiency simply
through the happenstance role gravity drainage may play in the

overall producing mechanism. Obviously, to enjoy the benefit

of gravity drairage, a pool must be intelligently controlled
and operated.

- Without experience in other fields with which to
make comparisons, we cannot be certain that the theoretically
high gravity drainage efficiencies can be realized. We can be

- reasonably sure, however, that if the pool be produced in such

a fashion that the solution gas drive mechanism is the primary

method of depletficn, there can be little hope of achieving

= these high recoveries,

Obviously the practical method to develop a pool

) with potentizl gravity drainagze possibilities is tb so regulate

- production that the rates will not exceed the reasonable rate
of gravity drainage available from the reservoir, providing of

. course that these rates allow the pool to be depleted in a

( ) Tm Y e AT LTy MM
iy L R e L ~ ?

reasonable lengtn of Ulme. uskal

estimate this rate for g perticular reservolr. Applying this

N

ralation Lo the present case and modiiying Lhe fovmuis 8o thot
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it expresses in barrels per day per linear mile along the
strike the theoretically possible rate of down-dip gravity
drainage, we have constructed the graph (Firure 11) included
at the end of this section.

When we realize that dips in the rim block approxi-
mate 4,000 feet per mile and that transmissibilities may be in
the order of 1 to 2 darcy feet, it beccmes evident from
inspection of Figure 11 that for the approximately three mile
distance of the strike along the rim block this reservoir can
adequately support gravity drainage rates of 1,000 to 1,5C0
barrels per day, which at this time is belicved will deplete
the reservoir in a resscnable length of time,

These high rates of gravity drainzge, of course,
will not long obtain if pressures are allowed to décline and
high gas-o0il ratio wells permitted to produce. Although it is
difficult to quantitativeiy place values on the effect of
pressure reduction on gravity drainage rates, we realize that 1t
will have adverse effects in three specific instances. These are:

1. Viscosity will be lowered.

2. There will be an increase in the relative
permeability ratio of gas to oil and a consequent decrease in
relative permeability of oil.

3. Reduction of pressure will probably permit the
fractures to sguceze together and further reduce transmissivilivy.

The comblnatior of these effects can be drastic,
reducing the oripginal graviiy drainace rates by a ifacior wsosurcd

in terms of hundreds; zand consequontly complebely destrorying

2R e
g dly

pis




possibility of efficient srevity dralnu e,

We belicve we have an cxample to Lhe Mool Puerto
Chiquito Pool which may be viewed on a2 qualitative, It not
quantitative, basis, that indicates we arc achteving higsher
efficiencies than would otherwise result, through control of
production. Up-dip high gas-0il ratio wells in thls pool have
been shut in (by "high gas-o0il ratio" in this pool we are
speaking in terms of 500 to 1,500 cubic feet per barrel). This
pool, which has an unquesticnably inlerlor fracture system
than Boulder and accordingly is believed to have contained
originally much less oil in place per acre than Boulder, has
already produced over 500 barrels per acre, and it appears may
ultimately produce as much o0il per acre as Boulder (750 barrels
per acre) despite its inferior qualities. The reason, we
believe, is because the up-3dip high gas-0il ratio wells have
been shut in and the maximum benefit from gravity drainage is
being realized. Not only this, but East Yuerto Chiquito is
developed on 160-acre spacing rather than on 80-acre spacing
as was Boulder. So here we nhave an example of an inferior
reservoir drilled on wider spacing, yet realizing as good an
ultimate recovery as the better pool. This can only be attri-
buted to the more efficient method of production - which method
of production is, of course, not possible under competitive
condltions,

Another interestinz fealure has been observed in
East Puerto Chiguito. This is that Lhe uwp-dip wells, during

the 1ife of the pool, have vecome impobent in Lerms of abllity
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to produce down-dip oil, HNot only are the zas-o0il ratios of
these up-dlp wells high, bul they seem to have no ability to

bring the oll up to the well bore. Evidently, as the gas and
01l move out of smaller fractures into larger ones, a critical

condition is reached at which the gas slips through the oil

LT e S ] 1 T T

and leaves il below, much in the same fashion that a flowing
well may cease to flow if tubling »f too great a diameter is
installed and excess slippage in the flow stream results., We
have here a situation quite dirrerent from the usual one in
which gas caps -must be controlled to prevent mass migration of
0il into them with consequent loss of recoverable oil. About
all the up-dip wells achieve is to "boil" the gas out of the
down-dip oil anrd dissipate the pressure.

In the Le Plata Pool this same characteristic is
anticipated, only to a far greater extent because of the steeper

dips. The main purpose the up-dip wells c¢an serve will be

either (1) as injection wells or (2) as observation wells. In
> this respect the Taylor No. 1 Vic Wslker can probably serve
both functions, and accordingly it does not at this time seem

necessary to drill another up-dip well in the rim bleck.
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PART TIX ESTIVATED HECOVERIES AS DEPENDENT UPOH

METHOU OF FXPTOTTATION

If a maln fracture system in La Plata exists as
in other fractured shalc reservoirs in the San Juan Basin,
the ultimate 01l recovery from the pool will have very little
dependency on the number of wells drilled to it. Tt will of
course be necessary to properly expose, within each fault
block, all the prcducing zones to wells; and an adeguzte

number of wells must be drilled within each fault bloek to

establish the productivity required to deplete the respective

reservolr in 2 reasonable length of time. Also, for fault
blocks in the steeply dipping part of the formation, the
producing wells should be located as nearly as practicable to
the down-dip side of the fault block. 1If gas injection is
instituted, it will of course be necessary to have a
satisfactorily completed injection well relatively high
structurally in each fault block in which gas injéétion is
desired, and if waterflooding is used to sweep the bottoms of
the fault blocks, this can prcbvably be done with one of the
producing wells not hecesssrily located close to the bottom

of the fault block. The reason for this is the high

transmissibility and steep dip of the formation will causec the

‘water to gravitate to the bottom of the fault block and loat

the oll uvp Lo the producing wells,.

Aside from the above listed considerations, numbers

of wells or spacirg of wells will have 1ittle bearing o {he

ultimate recovery from the vool. The important faclor

DISCUSSION OF
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influencing ultimaio recovery in a pool such g tiiis s not

numbers of wells bul the method in which the pool is operated.

If producing conditions are so controlled as Lo permit

maximum operation of‘the gravity drainage mechanism, we

believe recoveries as high as 70 percent of the oll in place, ;
or even higher, may be realized. This can only be achieved,

however, at reasonable rates of production by maintaining

pressures above those which would normally be encountered in

o ot e e e

depletion by the solution gas drive mechanism, and keeping the

gas 1in solution as long as possible., This can be partially

e W SRR

accomplished by shutting in up-dip wells as soon as produced
gas-0il ratios exceed the solution ratio. It wiil probably

not be possible, however, to realize both high efficiency and
high rates of production unless pressures are at least partially
maintainéd by gas injection. Control of up-dip wells and

institution of gas injection, of course, both reguire

SNV

unitization. As to percent of 0il in place which will be
recoverable under competitive conditions, our only yardstick for
comparison is Boulder. It is logical to conclude that Boulder's
high recovery of 34 to 35 percent of o0il in place is due in part
to some gravity drainage and in part to a high relative
permeability characteristic for its fracture system with its
high transmissibility, which in its2lf may be caused by gravity
drainage forced. With the lower transinissibilitly in the La
Plata Pool, operating under compellitive condlitions, it is

e Ps

doudulul Lial recoverics «i11 he as hisn,  Wo cccordingly estimate

DISC




a recovery of 25 percent or the tasin block and 20 percernt
for the rim block If development is under competitive
condlitiens.

We estimate under unitized conditions that 70
percent of the o1l in place in Lhe rim block will be
recovered and 30‘pnvccnt for the vasin block. Whether gzs
injection will be necessary to achleve this efficiency ecan
only be estimated after the rim block wells are drilled and
the reservoir characteristics better known.

These recovery flgures applied to the approximately
1,200 bbl/acre estimated to be initially in place, and

assuning 2,000 acres for the basin block and 2,400 acres for

the rim block, yield the following:
[ 3
= FOR COMPETITIVE OPERATIONS
0il in Recoverable Produced Remalining
- Place 0il 0il Reserve
4 (bbls) (bbls) {bbls) {bbls)
- Basin Block 2,400, 000 600, 000 300,000 300, 000
12
e Rim Block 2,900, 000 870,00C ~ 870, 000
TOTAL 1,170,000
) FOR UNITIZED OPETRATIONS
) 0il in Recoverable Produced Remaining
t Place 0il 0il Reserve
(bbls) (bbls) (bbls) (obls)
’ Basin Block 2,400, 000 720,000 300, 000 420,000
Rim Block 2,900, 000 2,000,000 - 2,000,000
TOTAT, 2,U20,000
It is, of coursce, possivic Lthal the rim block will
contailn undersaturated oil, and consenucnily mors i1 in place




and more recoverzable oil, Tnis alone cenld sdd snother

400,000 barrels to the rim block rccovery.




F23

PART IV VERTICAL SEPAHATS
WITHIN Trif N1Oidn
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Although one intuitively would expect vertical
fracturing and vertical communication of zones within the
Niobrara, and such vertical fracturing hes been reported in
the Verde Gallup Pool, experience in the Puerto Chiquito Pools
has been to the contrary. Ve accordingly believe vertical
separaﬁion may exist a2t La Plata, and certainly any drilling
program should take this possibility into account and be so
deslgned as to insure that each prospective producing zone will
be satisfactorily opened to the well bore.

Apparent vertical separction of the zones within
the Niobrara was observed in early wells in the Puerto Chiguito
Pool. Because of this, precautions were taken in the drilling
of subsequent wells to sand fracture individual zones
separately. Carefully controlled drilling, testing and comn-
pletion programs ensued, and although exceptionslly good
horizontal communication has been determined te exist in the
Puerto Chiguito fractured shele reservoirs over long distances
(measured in miles) no definite evidence has yet been developed
as to vertical communication slong the zones relatively close
together (separation measured in terms of tens of feet). This

vertical separation has been noted in some of the East Puerto

o

Chicuito Pool wells even arter [raciare Lroatinen

We recognize thatl it seems illozicel te conclude that
a fractured shale reservoiy cou sure e
created in such a fashliorn as Lo noave 1atere

DISCUST 1O 0
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Lhe seéme time nove vertical linmiis so corsirained

Inmiles ard @
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that zones seperated by vertical distances measured in tens of
feet would not be in the same elfective communication. Ve have
no explanation for this enigma other than to assume the apparent
producing zones are more brittle and able to retein a fracturing
system than the intervening solid shales, which being less
competent may tend to "flow" back into their original non-
permeable states.

Regardless of the reason, however, we do know this
condition %o eiist in similar pools, and believe operations in
Ia Plata should be conducted under the premise that it may exist
here. If we follow this reasoning, the well driliing énd
completion program should contemplate fracturing of the
prospective producing zones individually. This will be necessary
because if the sand frascture treatment enters only one zone and
there are other zones in the well bore, it is entirely possible
that the other zones will not be depleted by the subject well.
This in turn means that substantizsl oil may remain unrecovered

!

in the resecrvoir unless through heppenstance enough wells recelve
fracture treatments in each of the zones to irsure depletion.
Since often one zone will he more susceptible to fracture
treatment than the others, the chances are that this zone which
breaks down more easily will be the one which will ordinarily
receive the fracture treziment in 311 wells, uniess verecautions

- B i ERrS L 40 < eyt PRI T . - v by ey d v e s
are taken to isolabte the zores with soparate Lreainments,
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PARY V SULTIARY

In view of the dry holes drilled In the ILs Platla

4%

area and the character of the fracture system as indicated

by the pressure build-up test on the Benson-Montin-Grecr WNo.

" M-5 Standard of Texas (as discussed in Section D herein) we

H classify this pool as a substandard reservolr, more comparable

E in character to the Puerto Chiquito Pools than to Verde Gallup 1
or Boulder. There is not enough dats available to establish

E’ the transmissibility of the main fracture system, however it

- now appears to be on the order of 1 to 2 darcy feet. Although

) this is adeguate to support commercial production, it suggests

; that we should anticinate lower volumes of o0il in place than

f occurred in Boulder and Verde Gallup.

i The areas_of low permeability (as found around the

i M-5 and the dry holes drilled in the pool) indicate a situation

: similar to the Puertfo Chiguito Pools, in which there are

é apparently small (measured in terms of acres) barren areas

4 throughout the reservoir. Wells drilled into these bsrren or

f poorly fractured local arezs will find little or no natural

; production, Large fracture treatments will probably be reguired

e

in order to establish satisfactory communication with the main
fracture system. Accordingly, the dry holes which have been

drillied in Area A do not in themselves condemn any part of this

area. On the contrery, analysis of the logs of these wells
serves Lo confirm thie presence of & reservolr wnich will support

commorcial wells,




The maln prospective reservoirs are identified
in this section as the "rim block" and the "basin block”.
There may be a third reservoir up-dip from the rim block
across the fault which we presume lies along the polint of
up-dip flexure. If a small reservolr does iIn facl exist
here, it should not be drilled until such time 2s a
substantial pressure drop occurs in the rim block, so that
pressures in wells drilled in this third area will establish
the presence or absence of an impermeable barrier between
this area and the 1rim block wells, thus permitting analysis

of reservoir conditiqns which will dictate the method cf

development.

- The volume of o0il in place in the basin block as
estimated in Part III of this section has been virtually proven
from the pressure-production behavior of the Benson-Montin-

ez Greer M-5. This is discussed in Section D herein. This
confirmation by the M-5 pressure-production behavior of total
amount of o0il initially in place in the basin bvlock, estimated
- in Part IIJ, does nét necessarily confirm either the per-acre
estimate of c¢il in place or the basin block area as outlined
therein. There 1is no positive data available at this time to
confirm either of these estimated quantities, and the close
.(for the data available) agreement of the volume of oil
determined by these two independent methneds could, of course,

merely be the result of a fortultous choice of acreare and

)

(]

per-acre 011 in place aousntities. This Lotal volume corfirmation,




though not proving the ldeas advanced in this secction,
certainly does not detract from them.

As indicated in Part ITiI of this section, the
rim block offers the greater possibility for development at
a profit. It must be recognized, however, that the volume of
0il estimated for the rim block is more speculaztive than that
shown for the basin block, as we bave no pressure confirmation
of reservoir volume in the rim bloeck. If the rim block were
proved to be highly faulted, such that rather than one

continuous reservoir there are a number of smaller ones

separated by sealing fsults, 1t may be that the rim block will
bl require so many wells to satisfactorily deplete it that it
will be uneccnomic to develop. Also it must be recognized that
with the sealing fault (at the basin flexure) we cannot be
* certain that the lower part of the rim block in fact contains
0il, It could very well have bottom water, and the estimated
1 recoverable oil volume accordiﬁgly be reduced by the amount of

reserveir space occupied by it, and which we have heretofore

3

estimated to contain oil.

It should be recognized that the estimates mzde in
this section of 0il in place and recoverable oil apply only to
the zone colored in brown on the cross-sections., Should
additional reserves be developed in the B-C zones, this volume
of 0il) will be in addition to iLhie reeoverieos estimated in this

secilon.
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PART I PRESSULE-PRODUCTLON DATA OF BENSON-ONT i - GREER
NO. M-5 CIANDARD OF TEXAS

A. Pressurc Build-Up Data for Survey run April, 1968

A botlom hole pressure build-up survey was made
for the B-M-G No. M-5 Standard of Texas in April, 1968. At the
end of this section is a tabulation of the data for the firsc
twelve days shut in. Also at the end of this section are two
plots of the data, being Figures 12 and 13. Figure 13 is merely
a more detailed plot of the pressures taken after the second day
of shut in.

B. Pressure-Production Relation for B-M-G No. M-5

Additional bottom hole pressure data of this well
as furnished to us by the previous operator (Hoss) follows:
g -6-59 1,462 pounds
September 19562 1,312 pounds
We have no information as to how long the well
was shut in for the above pressures. We understand, however,
that it was shubl in at least 284 hours. Pressures were measured
at 2 well depth of 5,932 feet (ground level). These pressures,
plus two of the pressures taken by B-M-G in the April, 1958
survey, are plotted against cumulztive production on Figure 14
at the end of this scctlion,
C. Interpretations
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The dobn 1o

reservolr statlic prossure in the subject well was belwoon 1,470




o

and 1,420 pounds. Thls eoounes tie Cirst pressure taken in
August, 1959, wes shut i lony enough to approach static
conditions, Since the well) had only produced for a short Llime
and the reservolr probably had a reasonably high diffusivity
constant then, the measured pressure should be fairly clese to
the true static pressure. Since we do not have the data with
which toc make this determination, we can only say the initisl

pressure appears to be in the order of 1,475 to 1,500 pounds.

2. Current Static Reservoir Pressure

Pressures measured by B-M-G and shown on
the table at the end of this section in the April survey were
measured at 5,900 feet RKB. To adjust these pressures to the

depth at which Standard of Texas ran its pressures reguires the

addition of 12 pounds to the figures shown in the April test.

This means the well exhibited a 48-hour shut-in pressure of

j " 1,058 pounds and a 12-day shut-in pressure of 1,107 pounds when

1 adjusted to the datum of the original pressures. Both of these

‘ points are plotted on Figure No. 14, It is impossible to

j

i estimate accurately how much this pressure is below the current

1 true staftic reservoir pressure. With the limited data available

1 as to reservoir transmissibility and geomeiry of the reservoir,

: we cah only make certain maximum and minimum estimates. The
often used plot of :Q€§§ZTE_. does of course not apply in this

. [

-

instance (5), Inspection of Figures 12 and 13 indicate trne well
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system will

slope on Figure lo, , vnich is .45 darcy feet. Allowing

errors of measurement, we accordingly estimate the minimum
transmissibiiity at this time for the mein fracture system

A4 darcy feet. It is doubtful that the geometry of the

reservoir is such thet the dilference in the 12-day pressure and
the true static pressure could exceed that represented by a
reservoi» of quarter-circle ple shape in which the well is
located at the point of the wedge. If this be the true situation,
the actusl reserveir pressure will be approximately 200 pounds
higher than the 12-day shut-in pressure. I, however, the
reservoir is circular in shape with the well in the approximzte
center and permncebility Is as high &s 1.5 darcy feet (which

seems entirely possible) then the true reservoir pressure will

be less €han 10 pounds greater than the 12-day shut-in pressure.
Accordingly there is a wide range from 1,100 to 1,300 pounds in
wh:ich the current static reservoir pressure may be. Since the
maximum pressurc increase noted above is probably an extreme
situation,. we believe it doubtful that the true reservolr pressure
would be more than 100 pounds above the present 12-day pressure.
Accordingly we have plotted this point on Figure No. 14 as the
probable maximum pressure gt this time., Ve cen now determine

from Pigure 14 that the production-pressure relation {or the

La
w

00 wzrrels per pourd end 1,020 barrels per




. Totzl Rescrvolr 011 ir. Place

Although we do rot nave a fluld sample
analysis for oil from this well, we would judge from gzs-oil
ratio, reservoir temperature and initial pressure that 1t would
be comparable to that found in West Puerto Cniouito. I this
be true, we can estimate (8) the compressibility of the reservoir
system to be on the order of 350 x 10‘6 to 400 x 10'6 for the
average pressure decline from inception to the present date.

Witn 400 x 10—6

and 800 barrels per pound, we arrive at 2
million barrels in place, and using 350 x 10‘6 and 1,050 barrels
per pound, the result is 3 million barrels in place. Accordingly
we estimate as the two extremes 2 million and 3 million barrels
of vil. A fair estimate at this fime of total c¢il in place
would be an average of the two extremes, or 2% million barrels.
4. As indicated above, the M-5 is completed
in a local area of low permeabilify. Tne size of this local area
of low permeability can be calculated (7) following the work of

(®).

Miller, Dyer and Hutchinson This indicates the reservoir
volume in %he area of low permeatcility (.047 darcy feet) tc be
about 5,000 barrels. This means, then, that if the well were
subject to a sand-fracture treatment of & volume of 5,000 barrels,
it would be connected to a part of the reservoir with higher
permeability and accordingly the well's productivity would be
increcased. It is, of course, possible tnat il tic frocture

treatment were corducted at nich ernnurnr injectlion rates, sone

Nt
8]

charnelling would result and it would nol be necessary to saturate

s




the entire 4,000 bzrrels to achieve &5 satisfactery trealmeont.

Two or three thousand barrels might be enough., If a treatment

is planned for this wcll, however, it probably should be

designed to reach the higher permeability of .45 darcy feet.
This volume of o©0il has not been calculated, but it would be
substantially greater than the 6,000 barrels indicated to reach
the first break in permeability. If this part of the reservoir
could be reached with a fracture treatment, the productivity
of the¢ well could be increased approximately ten to one, from
its present 100 barrels per day capacity to approximately 1,000
barrels per day. Workover on this well is not at this time
recommended, however, as we are not certain as to the mechanicsal
condition of the well and if it would stand such a treatment.
In addition, although the fracture treatment would probably enter
the zone now producing, there is some question in this regard,
since the well is completed with about 800 feet of open hole.
At the present time 1t seems a more logical course of action would
be to fracture the adjoining well (B-M-G No. J-5 Johnson) which
well is approximately 2,000 feet from the M-5, rather than risk
mechenical faiiure of U M-S wh aght result from the fracture
treating prbcess.

5. All interpretations of data are

necessarily based on the assumption the M is producing from

"y 1

one zone gnd that no "thiel" zones have zifecuied Lhe praLsure
build-up tesi. Vo believe thits is btrue ~ but of course, under the

circumstarces must qualifly our interpretation Lo this cxlent,

PRIESSURE-PRODU
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PART 1T PHYISURK-PRODUCTION DATA OF TAVLOX HC. 1

VIC WAL

——es-

The Taylcr HNo. 1 Vie Walker was completed in February,

1968 and produced approximately twenty days, when it was shut in

March 8t for a pressure build-up survey. Data regarding this
test is set out on the schedule at the end of this section,

Under conditions governing this pressure build-up the conventiocnal
plot of T ﬁFiﬁkt is useful. Accordingly such a plot was made
and is enclosed at the end of this section as Figure No. 15.

In interpretation of the data shown on Figure 1%, we have assumed
that the 01l is saturated and that accordingly the diffusivity
consftant is not so high as to invalidate the type calculation

4 (9

use , With this gquaiification, we make the following
interpretations:

1. Transmissibility in the vicinity of the well
is approximztely 2.5 darcy feet.

2. The change in slope of the points plotted at about
the 10-day period after shutting in the well indicates some type
of boundary condition affecting the pressure build-up in the well.
This could of course pe Lhe result of an overall decrease in
permeability at distances away from the well, or it could ve a
straight-lire boundary as for instance a fgult al a distance of
approximstely 2,000 feet from the well.

2. Trhere is no evidence from the pressure build-up
data of z "closed" type reservoir, Rather the plot has the
[

wrance of well pressure bullaing up under "infinite

[

bV]
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typical
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conditions"”. Accordirgly no estimate ca: te made as to the size

of the reserveir other than to know that it is somethinrg greater

than the volume of o0il which can be calculated from this data,

which indicates a minimum reserveoir measured in terms of hundreds
of acres.

4. Pressures have not yet been run in this well, but
1t is possible to estimate the static bottom hole pressure in the
vicinity of the well at this time from estimated density of the
column of o0il in the well. From the plot of Figure 15 we
estimate the static fluid level to be on tiie order of 1,380 feet.
This means an oil column of Q40 feet above the E marker in this
well. With an estimated average density of the o0il c¢olumn cf
.35 psi/foot, we arrive at an estimated pressure at the 2,320
foot depth in this well of 329 pounds.

5. If we adjust this pressure to the datum at which
the M-5's first pressures were taken (which is + 102 feet subsea
after correcting for depth difference due to deviation of hole)
we arrive at a pressure for the comparable datum approximating

1,500 pounds (using estimated reservoir gradient of .33 psi/foot).




PART IIT SUMIIARY

In addition Lo the interprelations previously sct
oul in this section, the pressure data indicate that a fault
lies between the two wells hercin discussed. We say this for
the following reasons:

1, There appears to be continuity in the genecral
area of all zones which appear prospectively productive.

2. Both wells are obviously in communication with
reservolr areas of substantlial size. The M-5 reservoir is
measured in terms of thousands of acres and the Vic Walker No.

1 reservoir has a minimum size measured in terms of hundreds of
acres., Accordingly these two wells should be in communication,
since they are only one mile apart, They are not, however, for
their pressures, adjusted to the same datum, are at least 300 psi
apart. DMoreover, this current pressure in the No. 1 Walker,
adjusted to the datum of the first pressures in the M-5,
indicates approximately 1,500 pounds, which is the approximate
value estimated for the virgin pressure of this area.

3. Although it mey be possible for a2 steeply dipping
reservolir to contain oil with vafying degrees oI gas in solution,
the fractured shale reservoirs thus Tar discovered in the San Juan
Basin nhave contained oil with the same (from field measurements)
volume of gas in solution, regardless of the depth difference.

’

Here are two wells wilh subsliontially dAivferent volumes of gas in

solubtion. The -5 sas-o0il ratios have been reporited at approxi-
mately 500 cubic [eet ver barrel, wiere the No., 1 Walker gas-oil

&

ratio is

1.8 P G M Y £ I [ s ry T T E ~ Ny oy
esvimauvsd vOo O De Oon vae orager o6 Lo cuuie 1oele por sarrel,
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. Pressure data of ihe M=% indicates ir an inter-
ference Lesy !s conducted with wells of this character 1t will
take a long time (months, and perhaps over a year) for wells on
relatively wide spacing to show the type interference which will
be required to demonstrate commurication to the 0il Conser&ation
Commission when applying for wider spacing. It is probably just
such a set of reservoir conditions as is indica‘ted by the M-5,
and unfortunate circumstances of well locations and procduction
rates, which caused failure of Mobil's attempt to establish
interference in Boulder,

. Since the relative permeahility cf the o0il in the
vicinity of the }M-5 is probably less now than originally due to
presumed presence of some free gas in the reservoir, it 1s likely
that the initial transmissibility was two or three times as
great as now. Accordingly this would place initial minimum
transmissibility in the main fracture system arcund the M-5 as

something in excess of 1 to 1.5 darcy feetb.




SCHEDULK OF DATA

PRESSURE BUILD-UP TEST

FOR —
BENSON-MONTIN-GRIER DRILLING CORP.,

NO., M-% STANDARD OF TEXAS

APRIL, 1968

DAYS PRESSURE AT 53900' RKB
SHUT
DATE TIME IN ECHOMETER B.H. BOMR
4. 3.68 10:00 AM 0.12 505
- 4-68 10:00 AM 1.12 887
4~ 5-68 12:30 PM 2.2 1046 .4
h. 6-68 12:30 Al 2.7 1058.2
12:30 PHl 3.2 1057.5
b 7-68 i2:30 AM 3.7 1074.0
12:30 PM ) 1078.2
4h- -68 12:30 AM b7 1079.8
9:00 AM 5.05 1082.5
10:30 PM 5.6 1083.5
4- g-68 10:30 AM 6.1 1084.9
10:30 PM 5.6 1086.7
4-10-68 10:30 AM 7.1 1087.7
10:30 PM 7.5 1088.4
h-11-68 10:30 AM 8.1 1089.3
N_o18_AR 10:30 Al 12.1 1095.1

NOTR:  Well was vroducin:g gpproximalelsy 100 3BOPD priocr Lo

shutting in.
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R ST
LLOY. B

SWICCOITI LY JITT 11 SR REVATENLY
PRESSURE RUTLD-UY SURVEY

i

TETLON 21 NIC CURTNED
¥

WELL HISTORY PRIOCR T0 SHUUITING IN:
1. SAND-FRAC TREATHENT ¥ =00 BBLS. OIL, 20,000# 20/10 SAND.
2. RECOVEKED LOpD OIL IN 5 DAYS, 2-13 TO 2-18-68,
3. FIRST NEW OIL 2-18-%%.
4, PRODUCED LAST 12 DAYS IN FEBRUARY, 1,272 BBLS. OIL

" PRODUCED FIRST 7 DAYS IN MARCE TILL 8:30 Al 3-8-£8
MARCH PRODUCTION 653 BBLS. OIL (DOWN ONE DAY).

5. PUMPING RATE WHILE PRODUCING * 110 BOPD

1272110053 = 16.6 days = time t, for use in plot of
pressure vs. -2t
t+ 4Dt

FLUID )LEVELS MEASURED WITH FLOAT ON WIRE LINE (ZEROED AGAINST
SVWAGE

FLUID
LEVEL
At 16.6 + At At (feet from
DATE TIME {dzys) (days) 16.0 + O ¢ surface)
3- 8-68 5:00 PM .35 16.95 . 0206 1501%
3- 9-68 8:40 AM 1.00 17.60 .0=68 14763
4:00 Pii 1.31 17.91 .0730 14743
3-10-68 9:15 AHM 2.03 18.63 .1090 14593
6:00 P 2.40 15.00 L1256 1457
3-11-68 9:15 AM  3.03 19.53 154 1454
Wselie Pl 2.33 19.93 167 14503
3-12-58 9:15 Al 4,03 20.53 L1885 1458%
4:00 PI 4,31 20.%1 205 14573
3-13-48 i1l 5. 02 21,53 252 1457
hia v 23 21.9% 243 14555
Z-15-58 Salin Bl Z.00 22.50 255 1407
b5 P 5.2 22, o 2o 1hr2




DATE
3-15-58
B 3-16-68
’ 3-17-58
% 3-18-68
— 3-19-68
i 3-20-68
T’ 3-21-58
3-22-68
3-23-58
3-24-58
3-25-08

L:45
8:15
5:15
&8:30

Al
PIi
AM
P
Al
Pid

AM

> PM

> Al

P

AM

P

Al

i

FLUILD
level
VAN 15,6 + A ¢ At (feet from
{3zvs) (Qeys) _ Io.0 + AU surtece)
7.0 23.6 .297 14503
7.33 23.9 .305 14590
7.96 24.5 324 14483
€.31 24.9 .334 14473
g.03 25.6 .352 1446
9.33 25.9 .360 14455
10.03 26.6 .375 1444
Bled pressure off annulus
10.34 26.9 .384 1443
Bled pressure off annulus.
Fiuid level 1441
11.0 27.6 .398 14383
Bled pressure off annulus.
Fluid level 1438
11.3 27.¢ LUos 1437
12.0 28.6 420 14361
12.3 28.9 ey 1436
13.0 29.5 440 1434
1433
14.0 30.5 458 14315
1431
15.0 31.5 75 1430
14293
15.0 32.5 jitele) 142g
14283
17,0 33.0 5108 14273
1427
1.0 3. 524 1425
b2




FLUID

VAR 15,9 + AL Dot (?gggr)i‘r"om

DATE T1MHE (days) (days) = TIOG ¥ AT snrface) !
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- PM o 1420
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a PM 1419
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K b 2-68 A 25.0 51.5 602 1417

: 4- 3-68 AM  26.0 42.6 612 1415

- 4. L-58 AM 27.0 43.6 .620 14144

& 4- 5-68 AM 28.0 L6 627 14133

- h- 6-68 M 29.0 45,6 636 14123

- - 7-68 AM  30.0 06.6 .64 14113

™ y- 8-58 AM  31.0 | 47.6 652 14103

N 4 9-68 A 32.0 48.6 660 1410

. 4-10-58 AM  33.0 49,6 5666 1409
4-11-68 AM  34.0 50.6 072 1408

: h-12-68 AM  35.0 51.6 .680 1407

- 4-13-568 A 36.0 52.5 .683 140564
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DRILLING Al COMPINGION

As indicated in Part IV ot Section C herein,
- experience in other fractured shale pools in the San Juan Basin
has shown vertical separation of producing zones and the
necessity to separately sand fracture each zone in the Niobrara
- from which production is desired.

To insure that fracture treatment will reach each
potentially productive zone, it is necessary that casing {or
- iner) be cemented through the entire section in which the zones
oceur. It is, of course, possible in some instances to drill
through the pay zone with mud and conventionally cement the
production casing. If, however, drilling is attempted in this

manner and the hydrostatic pressure of the mud column breaks down

the producing zones and a large volume of mud enters the
o fractures, the producing ability of the reserveir near the well
i‘ bore may-be so adversely affected that it can never be made to
. produce at economical rates, even after fracture treatment.
“ It is accordingly recommended that completion he
X made by keeping mud off the prospective prcaucing zones. This
. is accomplished by setting an intermediate string of casing at T

cr near the top of the Miobrara and drilling in with rotary
tools, using air or gas as the circulaving mediwn, or with cable
tools. If the choice is rotary tools and in the course of
drilling tco much natural free oil is encountered to permlt

and continued drilling, it may be vossivle Lo change
Lo 01l as the cirvculating medium end successiully continue tne

P .
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drilling. Because of thils contingency, Lhe intermedia




shiould bc¢ sel throush Lhe mirker "A" shown on the cross-scetion
1., SBection B herein, as cxperlence has shown that the Mancos
Shale abovye the Nicbrars may serilously slough i expesed to
drilling with oil.

Since in at least the first few wells this casing
point should not only be below the "A" marker for reascns set
out above, it should also be set above the "B" marker, in order
to expose to possible prodnction the zones lying between "B"
and "C" on the cross-section. This means a carefully controlled
casing point, and becsuse of possible faulting, particularly in
the area of steep dips, 1t will be extremely difficult to project.
More than one correlation log may be reguired to determine this
casing point, which of course zdds to the expense.

Once the hole is made, a liner must be properly
cemented through the producing interval. To cement a liner in
such a faslcn as to protect any possible exposed fractures from
cement 1s in itself a tricky project. By all means this
operation should be conducted iIn a relatively straight hole.
Muintenance of a straight hole in drilling in this area will be
difficult and expensive. Dips of the teds here are in some
places twice as steep as the steepest dips encountered in the
Verde Gallup Pool, and straight hole drilling will accordingly
be more difficult.

Once a properly cemented liner 1is sef through the

o

prospechtive preoducing zones, secparate fracture treaimert of Lhe

. . 5 I 2 . I Y, PP o L % PR 4oy oL 4. » .
zones can only be insurcd by stazue fraciure treatme:.is, seiling

p . L orer ) s Sty e g s s s LR R R S 4 yuas
pridse plugs between the stages, or by the "limiled eniry
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procedure., Either method is expensive, I the well s trested
in stepes there 1s the possivle additional cost of rental of
the pumping equipment and rig time, as well as rlisk (n deflling
out the bridge plugs. If a limited entry rracture treatment

system is used, larger diameter casing is required in order to

insure adequate flow rates at the required pressures, espccially

for the deeper wells,

Under the circumstances, with the information
avallable from other fields, and the number of dry holes already
drilled in the subject area, a drilling program for this
project should be based only on the assumption that it will be
difficult and costly to establish production, and pians should
be made accordingly. We believe 1t would be extremely unwise to
drill additional wells in this area in the same manner that all
of the dry holes were drilled.

Accordingly we recommend, among other things, that
large sand fracture treatments be used in completion attempts,
even though the prospective producling zones show no ..tural
production. Also, since the wells will be tieated with several
thoﬁsand barrels of frac oil, _t .11l be necessary to install
pumping equipment to attempl to recover tne frac oil, ecven though
the well ultimately fturns out to be a dry hole. As a result,

the dry hole cost is practically the same as the cost of a

completed producer, with the exception of The removavle eguipment.

3ince the preducing mone or zones are at this caime

only tentatively identif'ied, all of the threo unii obligation




wells should be planncd to test by sand fracture treatment

not only the zones belween markers D and Ik, bul also the zones
between markers B and €. In addition, an atltempt should be
made to core the well in Section 32 through the zones below the
E marker and possibly the zone just above.

These obligation wells probably should be drilled
with rotary tools, setting 7-5/8" casing bétween markers A and
B, and drilling the prospective producing zones with air or gas.
A 53" liner should be cemented with a lap into the 7-5/8" of
200 to 300 feet.

The zones between markers D and E should be fraced
with a limited entry procedure insuring treatment of at least
two of the three colored zones beiween these two markers, A
bridge plug should then be set between markers € and D znd the
three zones between markers B and C should be treated by limited
entry sandfrac.

These first three wells should then test the B-C
zones separately from the D-E zones, in order that future
drilling and completion methods be accordingly planned.

Experience iin drilling wells in similar fashion in
the Puerto Chiguito Pools has resulted in total well costs of
$75,000.00 per well for shallow wells and an average of
$175,000.00 per well for £,000 to 7,000 foot wells. The same

ceneral rance of costs is anticipated here at Ta Plata.
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It is of course impossible atl thiis time to forecast §
accurately the exesct area which will be developed or the rumber
or guallty of the wells which will be drilled. It is apparent,
however, that for the oil recoveries and well costs estimated é

herein, development of the area at a profit cannot be realized
under competitive conditions with any conventiocnal spacing
pattern, even 320 acres per well. Examples of fieldwide

economics have been calculated, the results of which are set out

herein, showing development costs and oil recoveries of 40-acre,
80-acre, 150C-azcre and 320-acre competitive develiopment programs.
It is realized, of course, that under the more dense spacing

programs all of the wells would not be drilled because the field

would be depleted before the wells could be drilled. It is

interesting, however, to compare economics which might result 1f
locations were drilled on the various spacing patterns set out
above.

As econcmics of each of the patterns is reviewed,
one is inclined to think that wells would never be drilled under
such conditions. On the other hand, when we realize that wells

will be ccmpleted here with potentiizls measured in terms of

thousands of barrels per day, we can understand how compeny

managements might ) nnder the wider spacings, euthorize the

s

drilling of more wells then zre necessary Lo efficliently deplete

o 4o

the recservoir, if operations are conducted compebitively,
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As a vasis for comuzrisorn. of ecoronics <

spacings, it is assumed that Area A would be proauctive ana thet




recoveries would be as shown under Scetion C, Pert II1, which

is 1,170,000 varrcis. A plat is presented for each of the
spacing plens showing producing wells and locations of probable
dry holes., For the 320-acre spacing plan only, costs and
recoveries are showil, not only for the field as a whole but

for individual wells, and by company ownership of the tracts on
which they are drilled.

As to well costs, figures for the 320-acre spacing
plan were based on those referred to in Section E herein,
prorated for intermediate depths. For the 40-acre pattern,
costs were estimated to be one-half as much, for the reason that
under such a program wells would be drilled as cheaply as
possible - perhaps with mud and running the risk of mud damage.
Where so many wells are drilled, however, it is not necessary
that all wells be properly completed, a2nd through happenstance

enough wells would probably penetrate the producing zone at

points where the reservoir was not I'ractured and permit completion

without losing mud to the formation. If successful frac treat-
ments resulted in only 10 or 15 percent of the wells so drilled,
the reservoir could be depleted. Also, for the closer spacing,
allowables will be less and pumping equipment smaller and less
costly. Costs for the intermediately spaced wells (80 acres and
160 acres) were arbitrarily prorated between these two extremes.

The costs arve accordingly summarized as follows:

YUK C




PER WELI, COST ESTIMATYES FOR SPACINGS AND DEPTHE THNDICATID

COMPLINI'ION

DEPTH (for

contour

interval SPACING

shown) 40 acres 80 acres 160 acres 320 acres

($e1) ($M) ($M) ($u)
Above 4,000 37 50 63 75
3,000 - 4,000 b7 63 80

2,000 - 3,000 57 76 95
1,000 - 2,000 . 67 90 112
0 - 1,000 77 103 130
Below O 87 116 145

Dry holes are estimated at 80 percent of producing well cost.
The economics for each of the well spacing patterns,

40-acre, 80-acre, 160-acre ard 320-acre, are set out individually

on the pages that follow.




OF PROPOSED LA PLATA MANCOS UNIT

SHOWING WELL LOCATIONS IF AREA A IS »
DRILLED UNDER COMPETITIVE CONDITIONS
ON A WELL SPACING PATTERN OF -
40 ACRES PER WELL .
(ASSUMING ONLY AREA A TO BE PRODUCTIVE)} -
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ECONOMICS OF DRIULLING
ON WIO=ACRE SPACING

UNDER COMPETTTIVE OPIRAT LOHS

Drilling costs of the development plan on the page facing are

summarized as follovws:

- Depth of .
. wells drilled Number of Per well
(in terms of wells drilled cost Cost
- contour Dry Dry Dry
: interval) Prod. Holes Total Prod. Holes Prod. Holes
- $M $M $M $M
; Above 4,000 7 3 10 37 30 260 90
. 3,000 - 4,000! 10 1 11 kg 38 380 38
- 2,000 - 3,000! 8 1 9 57 46 370 46
L_ 1,000 - 2,000 11 1 12 67 51 Th0 54
. 0 - 1,000! 12 1 13 7 62 920 52
- Below 0 5k 9 _63 a7 70 . 4,700 630
:y TOTAL 102 16 118 7,370 920
SUMMARY : PRODUCING WELLS COST $7,370,000.00
. DRY HOLES COST . 920,000.00
o , TOTAL COST $2,290, 000,00
.t O1L RECOVERED 1,170,000 barrels
v DEVELOPLIENT COSY 87 .07 /oarrel.
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PLAT OF PROPOSED LA PLATA MANCOS UNIT

SHOWING WetL LOCATIONS IF AREA A IS
DRILLED UNDER COMPETITIVE CONDITIONS
ON A WELL SPACING PATTERN OF

80 ACRES PER WELL
(ASSUMING ONLY AREA A TO BE PRODUCTIVE)
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ECONOMICS OF DRILING

ON HO-ACHE SPACT M

UNDER COMPETITIVE OPERATIONS

Drilling costs of the development plan on the page facing are

summarized as follows:

Depth of
wells drilled Number of Per well
(in terms of wells drilled cost Cost
contour Dry Dry Dry
interval) Prod. Holes Total Precd. Holes Prod. Holes
S $M $M $M
Above 4,000 L 2 6 50 40 200 80
3,000 - 4,000! 6 1 7 63 50 280 50
2,000 - 3,000 3 0 3 76 61 230 -
1,000 - 2,000" 5 1 6 90 72 450 T2
0- 1,000 7 1 e 103 aze 720 g2
Below O 27 _é 33 116 93 3,130 558
TOTALS 52 11 63 5,110 842
SUMIMARY : PRODUCTNG WELLS COST $5,110, 000.00

DRY HOLES COST
TOTAL COST
OLL RECOVERED

DEVELOPHENT CCO3T

842, 000.00

$5,952, 000.00
1,170,000 obarrels

A .
35.0%/barrel
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PLAT OF PROPOSED LA PLATA MANCOS UNIT v
SHOWING WELL LOCATIONS If AREA A IS -

DRILLED UNDER COMPETITIVE CONDITIONS
ON A WELL SPACING PATTERN OF -

{60 ACRES PER WELL
{ASSUMING ONLY AREA A TO BE PRODUCTIVE) v
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ECONOMICS OF DRILIANG
ON_150-ACKE SPACING
UNDER COMP IV OPERATIONS

Depth of
wells drilled Number of Per well
{(in terms of wells drilled cost Cost
contour Dry Dry Dry
interval) Prod. Holes Total Prod. Holes Prod. Holes
M $m $M $N
Above 4,000" 3 4 63 50 189 50
3,000 - 4,000 3 3 80 64 240 -
2,000 - 3,000! 2 1 3 a5 76 130 76
1,000 - 2,000 3 1 L 112 90 336 Q0
f‘ 0- 1,000 5 0 5 130 104 650
. Below O 16 4 20 145 116 2,320 46k
. TOTALS 32 7 39 3,925 680
’ SUIMMARY : PRODUCING WELLS COST $3,925, 000.00
DRY HOLES COST 680,000JQQ
TOTAL COST $4, 605, 000.00
OTL RECOVERED 1,170,000 barrels

DEVELOPMENT COST £3.83/barrel




PLAT OF PROPOSED LA PLATA MANCOS UNIT

SHOWING WELL LOCATIONS {F AREA A iS
DRILLED UNDER COMPETITIVE CONDITIONS
ON A WELL SPACING PATTERN OF

320 ACRES PER WELL
(ASSUMING ONLY AREA A TO BE PRODUCTIVE)
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ECOIONICE CF DRTLLTIG
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UNDERN COonbiim v, OPERAT LONS

A

One of the mein difflcultlies in achieving wide
spacing bvenefits i, a comparatively small pcel operated under
competitive conditlions 1e jllustrated by the plat on the parge
facing, on which is shown the 320-acre tracis allotted to
each producing well, Here we find 11 producers in the rim
block, which has spproximately 2,400 productive acres, and 10
producers in the basin block with approximately 2,000
productive acres. Thesc are effective reservoir spacings of
220 and 200 acres per well respectively. It is obvious that
an accurate estimate of pool average per well economics for
the small pools cannot be made by simply translating barrels
per acre recovery and official well spacing Iinto per well
recoveries. The practical implication of actual reduced drainage
areas per well must be considered.

It is reglized, of course, that this situation could
be greatly rectified by requiring wells to be located on
specific diagonal quarier-section spots. The probability of

operators agreeing on such a spacing plan under the extremely

]

A

errstic corditions (from the standpoint of individual well

&

productivities) which obtein in these fractured shale reservoirs

is quite remote. Beczuse of the practical impossibilivy of
this type spacins veing set, an ecconomic study ol such & pleo:

has not here boen mede,
1 FalE S A oy NE N R R VT i meamt e
Because of tho larze aliference in economics of

the vasin block develcvment zs compared to the rim block develop-

: - : . e e P R g oy g, Lo - (g ¥ e
ment, these twe rescrvolirs wore analyzed seporately.  The cverall




ecoromics ol each are set ocut below in the same fashion as

previously {or vhe more densc developinent vztterns.

BASTIN BLOCK

Depth of
wells drilled Number of Per well
(in terms of wells drilled cost Cost
contour Dry Dry Dry
interval) Prod. Holes Total Prod. Holes  Prod. Holes
$M $M $M $M
Above 4,000 - - - 75 60 - -
3,000 - 4,000" - - - 95 76 - -
2,000 - 3,000 - - - 115 93 - -
~ 1,000 - 2,000 - - - 135 108 - -~
. o - 1,000 - - - 155 124 - -
- _ Below O 9 2 11 175 140 1,575 280
. SUMMARY : PRODUCING WELLS COST $1,575,000.00
. DRY HOLES COST 280, 000.00
i WORKOVER (2 AT $50, 000
- EACH) 100, 000.00
. TOTAL COST $1,955,000.00
RASTN BLOCK RECOVERY
(SECTION C, PART III) 300, 000 burrcls

DEVELOPLEMT COSY $6.50/barrel




Depth of

wells drilled Number of Per well
(in terms of wells drillcd cost Cost
contour Dry Dry Dry
interval) Prod. Holes Totul Prod. Holes Prod. Holes
$M $M $M $M
Above 4,000! 1 1 2 75 60 75 60
3,000 ~ 4, 000! 3 0 3 95 76 285 -
2,000 -~ 3,GC00! 2 1 3 115 93 230 93
1,000 - 2,000 1 0 1 135 108 135 -
0 - 1,000 il 0 4 155 124 620 -
Below O - - - 175 140 - -
TOTALS 11 2 13 1,345 153
SUMMARY: PRODUCING WELLS COST $1.345,000.00

DRY HOLES COST

TOTAL COST

RIM BLOCK RECOVERY
(SECTION C, PART III)

DEVELOPMENT COST

153, 000.00

$1, 498, 000.00

870, 000 varrels

$1.72/varrel

As stated earlier, it is impossible at this time to

determine exactly the outline 21 Lhe producing arct ond exactly

which locations will afford producers and

holes.

reflected hwere will gserncerally apply to Is
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However, 211 o1l vcols have limifts, and the ecconomics
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e pocel boundarlies be somewhat different {rom that indicated
here, We believe, however, lor the pool boundaries assumed
that the development (including dry holes) would likely be

- about as shown, and since a possible profit (though rot
attractive) from cverall rim block development is possible,
we have examined in more detsll the probable individual well

- costs and recoveries and the resulting economics to the

owners of these tracts.

The assumptions in this analysis are:

- 1. Each well will have a P.I. of 1.0 and no

reduction in P.I. is estimated (since for
the purpose of this analysis we are

™ interested only in relative tract recoveries
rather than time required to produce the oil).

= 2. Pressure at down-dip limit of reservoir will
. have straight-line decline to # its initial
value when 3 of o1l is produced and another
- straight-iine decline to O pressure fcor
“ remainder of production.
e 3. The pressure in {2) above will determine the
N . fluid head above pay in each well and the P.I.
. will accordingly be: Feet of fluid head
3

4, Top allowable is & x 70 = 5560 BQPD

This above described type of analysis may at first
appear ratner nypothetical and one might question whether such
a calculation would ve of much true value in estimating relative
well recoveries. The method hazs been uscd, however. in the East
Puerto Chiguito Pool wilh awazing accuracy
up-dip wells would suffer exfreme drops in productivity and

concurrently douvelop high cas-011 ratios,

Y T A 3 4. Y e e ey e oy <r qerr 21 ‘ P Ty
Ve believe 1t shows reasonebly well what mlich, e
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anticipated from Lhis steeply dipping reservoir., For the
calculations tc be valid, of course, there musi ve a common
reservolr with a fracture system and wells must be completed
50 8s to be satisfactorily in communication with 1%¢. This
could likely be the case here.

Results of this analysis are sel forth in the

following table:

WELLS
SE 1 SE 29
SE 31 SW 29 SW 32
NE 1 NE 31 NE 6 SE 5 NE 7
PAY DATUM
(feet above
sea levei) 4,000 3,500 2,200 1,500 500
RECOVERY FOR :
GROUP (M BBLS) 14 o8 163 101 49
RECOVERY PER WELL 14 33 81 101 131
COST PER WELL ($M) 75 95 115 135 155
DEVELOPHMENT COST
($/3BL) 5.30 2.88 1.4z 1.33 1.31

The above analysis assumes simulianeous development.
If the shallow wells are allowed Lo produce for a substantizl
period of time before the deeper wells ave drilled they will have

accordirsly hicher recovorlies tharn shown gbove.,
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PLAT OF PROPOSED LA PLATA MANCOS UNIT

SHOWING WELL LOCATIONS IF AREA A IS
DRILLED UNDER UNITIZED CONDITIONS
(ASSUMING ONLY AREA A TO BE PRODUCTIVE)
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Because of the reletively nigh degree of communi-
cation {in relation to total oil in place) inherent in fractured
shale reservoeirs, they are ideally suited for development under
unitized operation. Not only can a higher ultimate recovery be
realized through unit operation, but the o©il c¢an be recovered
with & fewer number of wells than results under competitive
conditions. The La Plata Pcol is no exception to this general
rule. If the main fraciure system here carries a transmissibility
of 1 to 2 darcy feet (which is inferred from data of the two
producing wells now in the area) and individual fault blocks are
as large as is presently indicated, A.ea A can be depleted with
no more than ten wells, and possibly with as few as eignt, if
they are successfully connected to the fracture system, and if
they are located as shown on the plat facing this page.

The twoc presently producing wells are shown on this
plat (southwest quarter éf Section 5 and northwest gucrler of
Section 6) as well as the threc unit obligation wells:

Southeast quarter of Section 31

Southeast querter of Section 5

Northeast quarter of Section 32

Tn addition, the plat indicates the well in the south-
east quarter of Section & worked over to become & producar, and
that one new well is drilled in the basin block.

- Ny H LT e NP A T e Y Y S ; - LI 2% oy b .-
OShould Lhio workovoer on Lhe woll in Ehe soubthncast

N

guarter of Section pe successiul, consideration mioht then be

civen bto refroecturing thoe well it the sceulhwest guevier of
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Section 5. I Lhis workover alsc proves successt™al and tho
well Iin Jection 33 has a high capacity, it will notl be
necconery to drill additional wells in the basin block, and
one of the two wells in Section & could be shut in as an
observation well for interference test purposes for the basin
block,

As Lo the rim block, the well in the northwest
quarter of Section 6 could be shut in as an observation well
for interference tests in this block. It is possible that the
working interest owners will want to keep this well permanently
shut in as an observation well useful for determining the rate
of pressure decline, from which estimates might be made as to
the size of the rim block reservoir and whether additional wells
should be drilled., ¥ Obviously the exact drilling pattern and
recovery estimates will be revised as wells are drilled and
pressure and production data obtained.

Using drilling costs in the analysis in the preceding
section for 320-acre spacing, total cost to the working interest

owners other than Taylor for the development plain described

sbove would be:

¥ In this connection it might be well to consider initial
completion only in the D-E zone in wells inn Lhe rim block,
in ordcr to more accnrately evaluale the pressure behavior.
This means additioral expense when the B-C zones would
later be stimulated. Theo cost mirht be well repaid,
however, throuwsht Lthe saving of not deillin annecessary
wells.,

e




e

Obligatiori wells: SE 31 95
SE 32 155

SE 6 135

Development well NW 33 175
Workover SE 5 50
Purchase (est.) SW 5 150
Workover SW 5 ___50
$ 810

For this cost the cross-assigned working interest
owners could expect to recover 2,400,000 varrels (Section C,
Part III) less the amount of oil going to Taylor for his
participation in the unit. Teylor's share of the ultimate
recovery will depend partly on how fast the other wells are
drilled and exectly what acreage 1s considered by the U.S.G.S.
to be productive in estabiishing the participating area. It
is estimeted at this time that Taylor's share of the o0il under
a divided type unit operation (as now planned) and with a
reasonably timed development program will amount to approximately
£ percent Qf the total pool production, or about 200,000 barrels.
0il recovery, then, to the cross-assigned interest owners would
approximate 2,200,000 barrels for a development cost of
$810,000.00, or approximately 37 cents per barrel. The above
figures are for unit operations without gas injectlion. 11 gas

injection is required in the rim block (Lo maintazin producing

w

rates a
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to be primarily zravity drainage) an zdditional cost gpproxsl-~
mating $100,000.00 might be reguired. Only analysis of the
facts after the wells are drilled will determine whether it
would be preferable to inject gas as compared to drilling
additional welis shoulu the productivity be not as higrh as
necessary to produce the o0il in the time desired. If the owners
elect to inject gas, it is doubtful that makeup gas would have
to be purchased, since the basin block produced gas would be
available, as well as gas rrom the rim block production.
Accordingly, additional development cost would approxlmate
another 5 cents per barrel, raising the total to 42 cents per
barrel if gas injection were inltiated In the rim block,

In addition to the other usual advantapges of
unitization which include, of course, centralized Lank batteries
and cost savings from this standpoint, 1t Tg probable that
unitization would bring about & higher price for Lhe produced
0il. Presently o0il is belt; Lracked Peom Taylovr's well &t oa
cost of 25 cents per barrcl. 011 from the Denson-Montin-Greer
M-5 Standard of Texas moves throuch o stx or gceven mile Clowline
to a tank battery in ithc Verde Gollup Pool, where 10 1a sold
for top price. This, of courne, would ol Le o very pracllceal
arrangement for cach oporator Lo fndepadentdy constder,

As Lo the plpedtye compuany extoeltin s Yl syostem Lo
La Plata, a unitizod oporevoog, wid e oot nomerae atahle
picturc, and thv combony wibtl b s e one b e e TLs plans
for vathcoriyn s L T Pt ot Ao tog et Uneto iere, of
COULSGe, Wb b o e g e bt e T e g Ty

opetalion,
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BENSON-MONTIN-GREER DRILUING CCRD.,

EXHIBITS IN CASE NC. 40567
T BEFORE THE
NEW MEXICO 01l CONSERVATION
T COMIMISSION

March 5, 1969




—

SECTTON A:

SECTION B:

SECIION C:

SECTION D:

STRUCTURAL CONTCUR KAP AS OF
JANUARY, 1999,

CROSS-SECTION THROUGH PARIS OF
SECTION 6, TOWNSHIP 31 NORTH,
RANGE 13 WEST, TO SECTION 31,
TOWNSHIP 32 NORTH, RANGE 13
WEST.

PLOT OF FLUID LEVELS, TAYLOR
NO. 1 WALKER, 1968. ' ‘

RESERVOIR FLUID STUDY, TAYLOR
NO. 1 WALKER.
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CORE LABORATORIES, inc.
Ponidcnn Rewiron Engaecrny
DALLAS, TEXAS 75207

July 3, 1968

RESERVOIR FLUID ANALYSIS

Benson-Montin-Greer Drilling Corporation
221 Petroleum Center Building
Farmington, New Mexico

Attention: Mr. Virgil Stoabs

Subject: Reservoir Fluid Study
Lloyd B. Taylor
Vic Walker No. 1 Well
l.a Plata Gallup Field
San Juan County, New Mexico
Our File Number: RFL 5096

Gentlemen:

Three samples of subsurface fluid were collected at a depth of 2250 feet in
the subject well by a representative of Core Laboratories, Inc. on May 27,
1968. These samples were submitted to our Dallas laboratory for use in a
reservoir fluid stua;, and the results of this study are prescnted on the
following pages.

Upon receiving the samples in our laboratory the bubble-point pressure of
each sample was measured at 74° F., as requested. Sample No. 1 had a
bubble-point pressurec of 185 psig, Sample No. 2 was 186 psig and Sample
No. 3 was 187 psig. Thesc values were reported by telephone to a repre-
sentative of Benson-Montin-Greer Drilling Corporation and we were then
authorized to complete the remainder of the study using Subsurface Sample
No. 3.

The LuLLlec-point proeccure of the rocervair fluid was measured to be 234 psig
at the reservoir temperature of 107° ¥, During diiferential pressure deple-
tion at this temperature the fluid cvolved 125 cubic feet of gas at 14.7 psia
and 60° ¥, per barrel of residual oil at 60° . The associated formation
volume factor was 1. 090 barrels of saturated fluid per barrel of residual orl,



Benson-Montin-Greer Drilling Corporation Page Two
Lloyd B. Taylor
Vic Walker No. 1 Well

The density of the liguid phase and the properties of the evolved gases were
measured at several succeeding pressure levels during this depletion.

Under similar depletion conditions at 107° F. the viscosity of the fluid was
measured from pressures exceeding reservoir pressure to atmospheric

pressure. The viscosity of the liquid phasc varied from a minimum of 1. 86
centipoises at saturation pressure to a maximum of 2.99 centipoises at
atmospheric pressure.

Thank you for the opporturity of performing this study for you. Should you
have any questions regarding the data or if we may assist yov further in any
manner, please do not hesitate to contact us.

Very truly yours,

Core l.aboratories, Inc.
Reservoir Fluid Analysis

7 2T st s

P. L. Moses
Manager

PIM:HS:dr
7 cc. - Addressee




CORE L/ABORATORIES, INC.
Petrolenin Resers o Eurginceriey

DALLAS, TEXAS

Company.. Lloyd B, Tavlor

Page. 1 of
File._ REL 5096

i} _Daie Sampled. .. May 27, 1968

S I S

Well _ Vie Waltker N e County. San Juan
Field______La_Plata Gallup — —-State_. New Mexico
S T T T RORMATION CHARACTERISTICS T
Formation Name Gallup
Date First Well Completed — : , 19
Original Reservoir Pressure —_ PSIG @ Ft.
Original Produced Gas-0il Ratio SCF/Bbl
Production Rate Bbl/Day
Separator Pressure and Temperature PSIG. °F.
0Oil Gravity at 60° F, °API
Datum - Ft. Subsea
Originz] Gas Cap
WELIL CHARACTERISTICS
Elevation Ft.
Total Depth 25190 Fi.
Producing Interval 2248-2510 Ft.
- Tubing Size and Depth In. to Ft.
Productivity Index — . BbI/D/PS] @.___Bbl/Day
Last Reservoir Pressure 303  PSIG @_2250  Fit.
- Date May 27 ~ , 19.68
Reservoir Temperature 1 05% °F. @__2250 __Ft.
R Status of Well Shut in .
Pressure Gauge Amerada
Normal Production Rate Bbl/Day
= Gas-0il Ratio SCF/Bbl
; Separator Pressure and Temperature -— PSIG, . °F.
Base Pressure : .PSIA
) Well Making Water % Cut
X SAMPLING CONDITIONS
Sampled at 2250 Ft.
Status of Well Shut in
Gas-0il Ratie . —SCF,/Bbl
Separator Pressure and Temperature PSIG, e _OF,
Tubing Pressure __PSIG
Casing Tressuic LU PSIG
Core Laboratories Engineer NT _—
Type Sampler Perco
REMARKS: = Temperaturce extrapolated to mid-point of producing interval = 107° F,
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CORE LABORATORIES, INC.
Petrolesm Reservoir Enginecring
DALLAS, TEXAS
Page... - & ofo. . L1___
File R¥1, 5096

Well____Vic Walker No. 1

VOLUMETRIC DATA OF__Reservoir Fluid SAMPLE

1. Saturation pressure (bubble-point pressure) 234 _ PSIG @ __107 °F.

w

7 @
Thermal expansion of saturated oil @ 2900 PSI - e 107°F _ 1.01790

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

From_2000_PSIto_1100 PSI-~__ 6.61 x 10-0
From 1100 PSIto_ 600 PSI=__ 6,90 x 10-6
From__600 PSito_ 234 PSI—-__ 7.28 x 10-6

4. Specific volume at saturation pressure: ft 3/1b 0. 02032 @ 107 °F.

5. Bubble-point pressurc of subsurface samples at 74° F.:

Sample Pressure,
Number __pPsiG
1 185
2 186

3 187




CORE LABORATORILES, INC.
Petsolenm Reservoiv Engineeriing
DALLAS, TEXAS 75207

Page_.3.__of.. Al

File.__R1I'1, 5096
Well__Vic Walker No, |

PRESSURE.VOLUME VISCOSITY DIFFERENTIAL LIBERAYION @ 107 °F.
PRESSURE RELATIO’: oF olL |
PSI GAUGE @ 107 °F.. e 107 *r.. A eERATED © SN SOLUTION. RE Stome '
OIL AND GAS. V/Vsar. cenmipolses | FoR AL o PRESIDUAL DI N
2000 0.9880 2.16 1.077
. 1700 0.9899 2.11 1.079
, 1400 0.9919 2.05 1.081
- 1100 0.9939 2.00 1.083
800 0.9960 1.95 1.086
700 0.9966 ' 1.086
600 0.9973 i.087
500 0.9981 1.90 1.088
400 0.9988 1.089
300 0.9996 1.87 1.090
234 1.0000 1.86 G 125 1.090
232 1.0025%
230 1.0072
226 1.0156
219 1.0314
210 1.0552
200 1.87
198 1.0868
191 10 115 1.087
184 1.1342
169 1.1977
154 1.2846
150 1.91
140 23 102 1.081
137 1.3956
121 1.5383
106 17285
100 1.97
90 40 85 1.074
88 2.0268
72 2.5018
57 55 70 1.067
v == Volume at given pressure
vsar. =-: Volume at saturation pressure and the specified tempevature,
ve - - Residualoil volume at 1.4.7 PSY absclute and 607 I
of (,‘o:--v
B




CORE LABORATORIES, INC,
Petralenni Ressrvoir Enginecring
DALLAS, TEXAS 75207
age.. A of MY

File____RI°1, 5096

Well____ Vic Walker No. 1

Rescrveir Fluid gAMPLE TABULAR DATA

PRESSURE.VOLUME VISCOSITY DIFFERENTIAL LIBERATION @ 107 *F.
RELATION OF OIL
PRESSURE r GAS/QiL RATIC GAS/OIL RATIO ‘e
PSI GAUGE . @A | 107 % e 107 .. LIBERATED (N SOLUTION R e
ELATIVE VOLUME OF CENTIPOISES PER BARREL OF PER LARREL OF V/ Ve
Ol AND GAS, V/Vsar. RESIDUAL OIL RESIDUAL OiL

55 3.2804

0 2.99 125 0 1.023
@ 60° F. = 1.000

1

Gravity of residual oil = 40.1° API @ 60° ¥.

v == Volume at given pressure
Vear. - Volume at saturation pressure and the specified temperature.
ve  --= Residual oil vobime at 1.L7 PST absolute and 60° 17

ol by the Slient b
nf o 1

on vatianty
e .




CORE LABORATORIES, Iz,
Petroloeum Reservolr Lugineering
DALLAS. TEXAS

Page._ 5 _ _ of. 11
File. _ RFL 5096
Well __Vic Walker No., }

Differential Pressure Depletion at 107° F.

Pressure Oil Density Gas Deviation Factor

PSIG Gms/Cc Gravity y/
234 0.7881
191 0.7890 0.789 0.903
140 0.7912 0. 845 0.932

90 0.793¢ 0. 945 0.953

57 0.7949 1.081

0 0. 8060 1.560
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CORE
Petrolewn: Reworvon Engoecring
DALLAS, TEXAS

LADORATORIES, INC.

Page__6_.

File ___RFL 5096

of W\

Well _Vic Walker No, 1

SEPARATOR TESTS OF_Resexvoir Fluid SAMPLE

SHRINKAGE FORMATIOR
SEPARATOR SEPARATOR SEPARAYOR STOCTK TARK STOCK TANK FACTOR :!E(':»TUC:"RE SPECIFI\C
PRESSURE. TEMPERATURE. [GAS/OIL RATIOIGAS/OIL RATIO GRAVITY. v /vo ' VsAT./Vr GRAVITY OF
PSI GAUGE L S APl @ 60° F. RIVSAT. FLASHED GAS
Sce Font Nate (1) |See Foot Note (1) See Foot Note (2) [Sce Foat Nite (3)
0 76 122 40. 3 0.9149 1.093 1.212
20 76 79 26 41.1 0.9226 1. 084
40 75 60 41 41.1 0.9246 1.082
80 75 37 70 40.8 0.9199 1.087

(1) Scparator and Stock Tank Gas 'Oil Ratio in cuble feet of gas @ 607 I, and 107 PSI ubsolute per bharrel

of stock {ank oil 7 607 F.
(2) Shrinkare Factor: we/Vsar.

PSI gauge and . 107 > ¥,

(3) Formalion Velume 'actor:

barrel of stock tank oil ¢7 607 17,

oo

s minern.

NI

voweth e st tnocone.

Vear./Ve 15 barrels of safurated oll & . 234_PST rauge

EE TR

is barrels of stock tank oil @ 607 I, per barrel of saturated oil @ _ 234

and 107 ~ I per




Company__,lllo\'d B. Taylor

CORE LABCRATORIES, INC.
Potyoliur: Reseryoir Lugincering
DALLAS, TEXAS

Formalion_ _

Page__. T __of 11 __
File___RI1, 5096

Gallup

Well Vic Walker No. 1 . County San Juan_ |
Field La Plata Gallup State New Mexico ‘
HYDROCARBON ANALYSIS OF__Reservoir Fluid SAMPLE
DENSITY @ 60° F. . o
COMPONENT ‘ Em o [ pronT GRAMS PER CuiC @ oos k. | ot

Hydrogen Sulfide
Carbon Dioxide 0,07 0.02
Nitrogen 0.02 0.01
Methane 5.39 0.53
Ethane 4.30 0. 80
Propane 7.45 2,04
iso-Butane 1.45 0.52
n-Butane 5,87 2.12
iso-Pentane 2.71 1.22
n-Pentane 3.45 1.55
Hexanes 6. 68 3.58
Heptanes plus _62.61 _87.61 0.8438 36,0 225

100. 00 100. G0

o

o b T
Voot e send

Coa
e

(4]

T ahnratarioa,
2.aDorarg e

Ty,

C
Reservoir Fluid Analysis

%/777&4«% s

}V)l IJI

Manager
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BEFORE THE
OI1. CONSERVATION COMMISSION
Santa Fe, New Mexico
March 5, 1969
EXAMINER HEARING

IN THE MATTER OF:

Application of Benson~Montin-
Greer Drilling Corporation for
special pool rules, San Juan

Case No. 4067
County, New Mexico. g

7

Application of Benson-Montin-
Greer Drilling Corporation for

a pressure maintenance project,
San Juan County, New Mexico.

Case No. 4074
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s BEFORE: Dantel S. Nutter, Examiner,
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MR. NUTTER: We will go back and call Case No. 4067.

MR, HATCH: Case 4067. (Continued from the February
26, 1969 Examiner Hearing) Application of Benson-Montin-Greer
Drilling Corporation for special pool rules, San Juan County,
New Mexico.

MR. COOLEY: William J. Cooley, firm of Burr ard
Cooley, Farmington, New Mexico, appearing on behalf of the
Applicants. We have one witness we wish to be sworn, Mr.
Albert Greer,

(Witness sworn,)

MR, NUTTER: Mr. Cooley, are this and the following
cases closely enough related that you might want to call them
all and consolidate them?

MR. COOLEY: They all deal with the same pool and
basically nothing incompatible. I will request that they be
consolidated for purposes of hearing.

MR, NWUTTER: We will call Case 4074,

MR. HATCH: Case 4074, Application of Benson-Montin-
Greer Drilling Corporation for a pressure maintenance project,
San Juan County, New HMexico,

MR, NUTTER: And Case 4075,

MR, HATCH: Case 4075, Application of Benson-dontin-

Greexr Drilling Corporation for amendment of the La Plata ilancos




Unit Agreement, San Juan County, New lexico.
MR. NUTTER: Case 4067, 4074 and Case No, 4075 will
be consolidated for purposes of testimony.
{Whereupon, Applicant's
Exhibits 1 through 3 were

marked for identification.)

ALBERT GREER

called as a witness, having been first duly sworn, was
exanined and testified as follows:

DIRECT EXAMINATION

BY MR. COOLEY:

Q State your full name for the record, please.

A Albert R, Greer.

Q By whom are you employed, Mr. Greer?
A Benson-Montin-Greer Drilling Corporation,.
0] Do you appear today on behalf of Benson-Montin-Greer

Drilling Corporation?

A Yes, sir,

Q ¥hat role does Benson-Montin~Greer Drilling
Corporation play in this application with respect to the
La Plata-Galinp O0il Pool?

A Our company has a substantial part of the oil and
gas leases in this area and we're operator of the La Plata-

Mancos Unit which c¢overs this.,



Q Mr, Greer, I hand you what has been marked for
purposes of identification, Applicant's Exhibit Number 1 and
ask you first when that exhibit was prepared.

A The material in Exhibit 1 was prepared approximately
one year ago.

Q For what purpose was it prepared?

A For the purpose of providing geological engineering
and other information to the operators in the area to consider
unitizing the area,

Q Would you briefly outline the content of that
exhibit?

A Yas, sir. Under the index, about the second page
in the exhibit, the contents are pretty well described and
the different subjects are under different sections. Under
Section B is the geological basis for determining the area of
expleoration, that arca of exploration for which this report
was originally prepared is the same area which we now request
be spaced for 1l60-acre spacing.

Section C has five parts, has to do with reservoir
rechanics and possible oil recoveries. Scction D, nressure
production data wells completed as of that time, approximately
one year ago. Section E has to do with drilling and completion

methods and costs., Section F is econoumics, under competitive




operation, and Section G is a comparison of economics, the
development of this area under a unitized operation.

Q I now hand you what has been marked as Applicant's
Exhibit Number 2 and ask you when this was prepared and why.

A Exhibit 2 was just recently prepared and is for the
purpose of adding supplerental information beyond which was
available and is in Exhibit 1 to bring all information down

to date. It has four parts. Section A is an up~to-date

structural contour map. Section B is a cross section through

some of the recently completed wells. Section C is a part of

the fluid levels in Mr, Tavylor's No, 1 Walker well, which
shows evidence of communication with other wells in the area.
Section D is the reservoir fluid study of an o0il sample taken
from Taylor No., 1 Walker.

Q Then, in essence, Exnibit 2 supplements and updates
Exhibit No. 1 at the present time?

A Yes, sir.

Q I hand you what has been marked as Applicant's
Exhibit Number 3 and ask you to briefly identify the contents
of this exhibiti,

A Exhibit 3 contains summariles of the core analyses of
the four wells which have been drilled within the last year in

this area, All four wells were cored through the interval of




interest, high percentage of recovery was obtained and a good
part of t e cores were analyzed. This is a complete record

of the co . analyses of the four wells,

Q I now call your attention to Section B of Exhibit 1 -~
A Section B --
Q -- and ask you to discuss, please, the area which

you propose to be spaced at this hearing, and why.

A “he area is shown on Figure 2 which follows page 8
under Section B,

Q Is that also the same area as the La Plata-Mancos
Unit area?

A Yes, sir, the unit area is shown by the boundary
which is a cross-hatched boundary, which is the area of the
La Plata~Mancos Unit and the area which we are now requesting
be spaced on 160 acres. There's another boundary shown, north-
south boundary, with single sliding lines which is on the
range line between Ranges 13 and 14, This separates the Indian
lands which lie to the west from the other lands which lie to
the east., East of this boundary are fee lands, Federal lands
and State lands.

Q Was the avrea which you propose to be spaced at this
hearing arrived at by geologic inference?

A Yes, sir. It was determined from geologic inference.




Q Would you please discuss the method of arriving at
this area?

A Yes, sir, First, I would like to point out the
structure. We're concerned in this hearing with the Niobrara
member of the Mancos formation. It sometimes in this area is
called the Gallup formation., The Mancos is contoured on an
electric log marker within this Niobrara member close to the
base of it, which we will see on later cross section exactly
where this peoint is,

The heavy contour lines are a thousand-foot contours.
The light contour lines are 100-foot contours, I would like
to point out that in the vicinity of Sections 5 and 6, 31 and
32, there's a very high angle of dip of the keds, approximates
as much as 4,000 feet per mile. Then there's a sharp break at
approximately the zero contour, where the formation flattens
out into the basin and the dip then is only on the order of a
hundred to maybe two hundred feet per mile.

In our determination of the area with which we are
concerned, we consider an area in which there is adequate
development of o zeone within the Niohrara and where this
particular zone is, drapes over or is closely connected with
this steeply-dipping part of the hogback,

I think first it would ke best to look at the zone,




which we feel is adequately developed to have production in
this part of the Niobrara, and that is shown on Figure 3.
That's following Figure 2 in this Section B.

This cross section shows eight wells, in a southwest,
northeast line which crosses the area of interest, as shown on
the plat on the right-hand side of the cross section, The zone
which we believe is productive in this area is the one colored
in brown and we can see from this cross section that the zone
deteriorates to the southwest, just about disappears in the
two wells on the left-hand side of the cross section. It
thickens in the middle of the cross section and it appears to
possibly thin and perhaps deteriorate to the northeast, the
last well on the cross section on the right.

Q I call your attention, Mr, Greer, to Section B of
Exhibit 2 and ask you if it also bears out the analysis that
you have just made.

A Yes, sir.

Q This is the cross section, is it not, of the wells
completed since preparation of Exhibit 1?

A Ve
[ Lo

. 2nd we find the same zone, the same
continuity in these additional wells. The left-hand well on

this cross section uncder B of Bxhibit 2 was drilled a year ago,

that's Mr. vaylor's Number 1 Walker, but it had not been




logged through this producing zone. It has since been logged
and the other two wells since been drilled and we find the
same productive zone in these wells,

I would like to point out at this time that when
this cross section was prepared, and I am looking now at Figure
3 of Exhibit 1, at that time we simply postulated that the
produétive zone in this area was the one colored in brown., Of
all these wells on the cross section, only one well was
producing, that was the fifth well from the left-hand side of
the cross section identified as Benson-Montin~-Greer Drilling
Corporation Well No, M-5 Standard of Texas. It was drilled about
ten years ago by the Standard of Texas.

We purchased this well a little less than a year ago,
after we had done this work,and after we purchased the well we
obtained the logs to our reports which showed how the well was
drilled and the depth at which 0il was encountered. The well
was drilled through this area, this zone shown on this cross
section, with air; ané they stopped occasicaally to test for
shows of o0il. The last stop which they made to test for oil

and did 2y ¢il wae at 5925, That's about in the little
marker colored green on the cross section,

By the time they reached 5970, which 1is about ten

feet below the area colored in brown, they had a subscantial
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show of oil and had shut down at that time to test the oil
show. S0 we now know that the zone which produces in that
particular well is the one colored in brown.

Now, the rest of the wells do not produce, Some of
them have, completions were attempted in this Gallup
formation but they have not found commercial production. The
two wells on the left, completion attempts were made. I think
one produced two or three thousand barrels of oil and was
plugged. No commercial quantities of oil obtained from it.

The third well from the left, I believe, was drilled
through £he Gallup to the Dakota, made a Dakota well, and I
believe a completion attempt was not made in that. The fourth
well shown as Standard of Texas 12-8, a completion attempt was
made in it but they had mechanical difficulty, I think lost a
string of tools in the hole, and the well was plugged without
kriowing for sure whether it would produce.

The third well from the right on the cross section,
BMG No. J-5, was drilled through this zone into the Dakota,
completed as a Dakota producer., We're currently making,
prepaiing to rcoomplete this well in the Gallup zone in this
area colored in brown,

The secwund well from the right was drilled through

this interval with air, they found no show and the well was
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plugged without fracking it. The last well on the right, I

believe a completion attempt was made on it. It was unsuccessful,
Q Have you prepared a structural map which shows a
planned view of the area of best development of the Niobrara
member?
A Yes. I think first we should briefly look at Figures
4 and 5. I would like to look at Fiqure 4 next. It is
another cross section displaced from the first cross section
we looked at to the east, approximately one to two miles.
Shows about the same type of development deterioration of the
brown zone to the south, a thickening to the north, possible
deterioration in the furthest north well.

Figure 5, then, is another cross section, an east-west
cross section, showing development of the brown zone. On the
right-hand side of the cross section, it appears to be entirely
missing in the furthest west well, Pan American Tribal "“H"

No. 1. The second well from the left, at the time this cross
section was prepared, had not besen logged. It has, lLiowever,
since been logged and is shown in Exhibit 2 under Section B,
and hac the zone of interest at just about the same point as
we anticipated it.

This cress section shows that we have no development

of the zone in which we're interested on the west part of the




plat shown on the cross section, which is the edge of the

area which we request to be spaced. It would appear from this

cross section that the zone does have development to the east
of there that has to be spaced.

Q Now, proceeding to the structural contour map,
Figure 6 --

A Figure 6 is the same structure contour map which we
looked at in Figure 2, except it has superimposed on it our

interpretation of the area of best development of this

particular zone in the Nioctrara. We believe the zone
deteriorates north, scuth and west, probably continues to the
east.,

Q What is the significance of Figure 7?2

A Figure 7 shows in our interpretation the area which
would be of interest if ve were considering structure alone.
Trat is the area within approximately one mile downdip from
the base inflecture and slightly updip from the point of updip
flecture. The basin flecture is approximately on the zero
contour line, the maximum change in dip of the beds on the
updip side is at about the 4,000~-foot couniour, 3¢ if we were
considering structure alone, this is where we would look for

production in this fractured shale formation,

Q Have we then combined the features of both structure




and development of the Niobrara member?

A Yes, sir., That is shown on Figure 8. The area
colored in yellow on Figure 8 shows that area which we believe
to be most prospective for production in this particular zone
of the Niobrara.

MR, NUTTER: Mr, Greer, let me interrupt you just
a minute there. Going back to Figure 7, --

THE WITNESS: Yes, sir,

MR, NUTTER: =-- you have got this dashed line wbich
cuts across the middle of Sections 20, 21 and 22, and then
diagonally across, down here in the southwest corner across
through Section 12, that's the corresponding boundary of the
brown area on Figure 8, Now, would you explain what that
dashed line represents, please?

THE WITNESS: Yes, sir. The dashed line represents,
in our opinion, the probable limits of commercial production.
It's very difficult for us to tell where commercial preduction
begins and ends. We think it would be somewhere within the
brown area.

MR, NUTTER: So if yvou come back to Exhibit 7, and
you are going on structure alone, you would have between the
left~hand side of the pink area and the right<hand side of the

pink area, -~
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THE WITNESS: Yes, sir,

MR, NUTTER: -~ but then your commercial production
wculd end at the dashed line on the north and south ends of
the pink area?

THE WITNESS: Yes, because of the course of
development within Niobrara, --

MR, NUTTER: I see.

THE WITNESS: +«- so here we have the primary area and
perhaps the secondary area shown on Fiqure 8. We have
attempted to enclose both of these areas with the unit area,
and the area which we request to be spaced,

Q (By Mr. Cooley) What is the significance of Figure 92

A Figure 9 shows a further interpretation of the
reservoirs in this pool. We conclude from our study, or had a
year ago, that there were at least two fault blocks in this
pool. One would be the area colored in brown and the other
the one colored in y=llow. There could, of course, be more
than these two fault blocks. We felt there wesre at least this
many . They're really two separate reservoirs. We believe,
hewever, that frowm a nractical standpoint of administration
by the 0il Commission that it should be considered one pool,
of one spacing and one proration standard, and accordingly we

have requested that 1t be considered this way. Although we




believe it actually has at least two fault blocks. We have
indicated here that we believe one zone or area of separation
would be the little green-shaded area which shows the locus
of what we believe to be the ceiling fault. This is at the
point of the maximum change in dip of the beds. It changes
from ahout 40 to 45 degrees to almost flat. We felt that
there is probably at least one fault there, Could be a
series of faults.

Q Skipping, now, through Exhibit 1 to Figure 10, which
follows immediately after page 22 of Section C,

A Figure 10 --

Q Part 1, excuse me for interrupting, Part 1 of
Section C of Exhibit 1 deals with comparisons with other
pools in the area. However, first, would you explain, make a
comparison of the reserves between sandstone and shale
reservoirs with equal permeabilities?

A Yes, sir. I would like to refer to Case 3455, in
which we went into this in a little more detail, This is one
of the exhibits from that case and it shows a comparison of
pore space wiicih vne might anticipate for a fractured reservoir
as compared to the pore space in a sandstone reservolir for the
same permeability.

For instance, sandstone of 100 millidarcies, we can




¥

16

see from the brown-shaded area of this Figure 10, one wéuld
anticipate a porosity on thec order f 12 per cent to perhaps
25 per cent, On the other hand, a fractured syétem which has
that same permeability would probably have a porosity on the
order of 200 to perhaps four-tenths of one percent. In other
words, we might expect a tenth (0o a hundredth as much oil in
place from a fractured shale oil well which has the same
productivity as an oil well producing from sand.

Q in Case Number 3455, you presented a working model,
the purpose of which was to portray these same characteristics
that you have just discussed, did you not?

A Yes, sir., At that time our working model showed a
more rapid rate of depletion on the fractured system as
compared to a sandstone system.

0 Have you attempted to estimate the oil in place in
the La Plata-Gallup Oil Pool based upon compariscn of the
characteristics of this pool, with other fractured shale
reservoirs in the San Juan Basin?

A Yes, sir.

Q Is that discussed in detail on pages 1 through 7 of
Section C?

A Yes, sir.

Q would vou bricfly summarize that discussion, please?
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A Yes, sir., The other comparative pools are the Verde-
Gallup, the Boulder-Mances Pool, the East and West Porto-
Chiquita Pool. 1In Case 2881 we went into dctail showing the
recoveries from the Verde~Gallup Pool and those recoveries
are 500 to 1,000 barrels per acre.

Q Let me interrupt, please.

MR. COOLEY: Mr. Examiner, in order to shorten the
discussion with respect to the Verde-Gallup, could we move that
that portion of the transcript in Case 2881 with respect to
the 0il in place in the Verde-Gallup 0il Pool be incorporated
in this case?

MR. NUTTER: What case was that?

MR. COOLEY: This was the first spacing hearing with
respect to the Porto-Chiquita Pool,

MR, NUTTER: Was that the Pubco case?

MR, COOLEY: No, sir. It was the first lé6(-acre
spacing in the Porto-Chiquita Pocl where the same approach was
made in the comparison with other fractured shale reservoirs.,

MR, NUTTER: Yes, sir, that portion of the testimony
cr the racerd in Case 2881 will be incorporated by reference,

MR, COOLEY: Thank vou,

MR, NUTTER: Also, if you desire that portion of

Case 3455 that relates to this sand and shale drainage can be
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incorporated,

MR, COOLEY: Yes, sir.

A In the Boulder Pool we have determined that 750
barrels per acre will be recovered. This pool is nearly
completed and there is very little doubt as to the ultimate
recovery. This also was reviewed in Case Number 3455, In West
Porto~Chiquita an elaborate interference test was run and
from that interference test we determined minimum values of oil
in place of 1,000 barrels an acre, maximum of 2560, with an
average estimated of approximately 1700 barrels in place.

From this information, and comparison with the
transmissibility of these pools, we can make an estimate of
oil in place for the La Plata-~Mancos Pool. In Boulder, we
calculated 2200 barrels per acre in place; it has, Bouldex
has transmissibility on the order of ten darcy feet in its
main fracture system, West Porto-Chiguita with 1700 lkarrels
in place has a transmissibility on the order of five to six
darcy feet.

We have determined from the La Plata=-Mancos, the
walls on which we have information in this pool, the trans-
missibility of the main fracture systems will probaply not
exceed one and a half darcy feet, We can then compare the

amount of oil in place to be expected in the La Plata Pool




to be something less than we fcund in Boulder, somethiing less
than was found in West Porto-Chiquita, and if we imake the

assumption that the relation is as that shown by the trend of

porosity to permeability shown on Figure 10 for that type of

iracture system, then we arrive at about 1200 barrels per
acre in place, i3z abnhut all we can expect in La Plata.
This calculation is set out in detail in the

discussion on pages 1 to 7.

MR, NUTTER: Do you hazard a guess as to recoverable?
THE WITNESS: Yes, sir, The recoverable cil will
depend partly on the method of exploitation, whether the
gravity drainage mechanism can be utilized or if the recovery
will be essentially solution gas drive, In Boulder, we
believe that the producing mechanism was primarily solution gas
drive with some help from gravity drainage, and we believe the
recovery approximated thirtv to thirty-five per cent of the
oil in place, We think we have a fairly accurate calculation
of 0il in place of 2200 barrels an acre and recovery of 730 --
MR, NUTTER: Mr. Greer, I don't see an estimate of
recoveravle i Last or Wect DPorta-Chiquita: do vou have an
estimate of recoverable on either of those witn your known

transwrissibilities?

THE WITHESS: ©Now, in East Porto-Chiquita we did not




obtain transmissibility data. In West Porto-Chiquita we did

obtain a lot of transmissibility data., For that pool, for the

part of it that we can utilize %the gravity drainage mechanism
and we hope that that will be for a substantial part of it, we
are hoping to have recoveries as high as 60 per cent of the
oil in place.

MR, NUTTER: Wwhich was 1700 barrels?

THE WITNESS: 60 per cent of 1700 barrels. We know

we cannot realize the gravity drainage mechaiism throughout
all of West Porto-Chiquita. Here in La Plata it will depend,
in my opinion, on which mechanism contributes the grezter part
of the production, if it has to be solution gas drive, and,
of course, it will be solution gas drive if the field is
developed on close spacing, then we're looking at a recovery on
the order of 30 per cent. 25 per cent under the particular
circumstances here,

MR, WUTTER: You have enough dip to help the gravity
drainage?

THE WITKNESS: Yes.

Mk, WUTTER: 45 degreco?

THE WITHNESS: Yes. If we can utilize the drainage
mechanism, I would expect us to get 60 or 70 per cent recovery.

MR, NUTTER: I think we will take a fifteen-minute




racess at this point.

(Wwhereupon, a recess was taken.)
MR, NUTTER: The hearing will come to order, please,
- Mr, Cooley, will you proceed?
Q (By Mr. Cooley) Mr. Greer, have you had core samples

taken from any of the wells in the La Plata-Gallup 0il Pool?

« A Yes, sir, we cored four wells last year.
0 Do you have any of those cores here present?
A Yes, sir.

Q Or portions of them?
A Yes, sir.
Q Would you identify them, please?
. A Here are some core samples, this first one is from
the N-31 well, that's in Unit N of Section 31. That's a depth
of 2279 feet. 1I would like toc show by this core sample
the type of vertical fracturing that we have found in some of
the zones, and which we believe forms a reservoir, This
instance we could see at least one vertical fracture, down
approximately the center of the core. There's always a question,
when you find a vertical fracture in a coie, a3 to whether
the fracture was induced by coring or if it was truly a fracture

in the formation before it penetrated the formation.

In this instance, we feel that the fracture was in
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place in the formation and a iittle additional evidence that
we have is the fact that after we fracked this particular well
and cleaned it out, we found some pieces of formation which
fell into the hole,

Here is another sample. Incidentally, I would like
to have these samples back, these little pieces. You can see
where the core, bit cored down through the formation, and then
after fracturing, sand fracture treatment, the formation
parted aiong its natural fracture planes and the piece fell
into the hole.

MR. NUTTER: How was that recovered?

THL WITNESS: In a sand pump. It was a large hole,
we have a large sand pump and naturally we recovered large
pieces., Here are a few more.

MR, NUTTER: This is where the side of the hole has
sloughed off and fell in after the core had been cut?

THE WITNESS: You can sort of see some little erosion
channels, which I believe helped the fractured pieces to part
from the formation and fall into the hole as a result of the
frack. All those samples we just ivoured at are frem the N-21
well,

A I would like to look at this one next., This nex%

core sample, we can see the steep dip of the formation; this is



from the I-6 well at a depth of 4165 feet., It shows some of

the streaks of silty limey material which gives a higher

reading on the electric log than some of the pure shale. You
can actually measure the dip of the beds from, by measuring
the angle of those streaks and that well in that --

MR. NUTTER: This is approximately 45 degrees at

THE WITNESS: Yee, sir. and there was at that depth.

In that well, I believe the hole was deviated a few degrees
and, of course, it deviates toward the bed, toward a
perpendicular to the bed, which means, then, that the dip of
the formation is slightly greater than what we actually cored --
MR. NUTTER: I might point out here to some of you
fellows that might be interested, one of the wells that Al
mentioned earliexr in his testimony, the Standard well, was
located right in the center of the Southeast of the Southwest,
right on these very steeply-dipping beds and when the well
was bottomed they ran a survey cn it and found that the bottom
of the hole was almost in the middle of the Southwest of the
Southwest. It had traveled updip and ints the noxt 40 and
bottomed almost into the next 40,

THE WITNESS: Almost off the list,

A This next core sample shows something which we believe
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causes a separation perhaps of one reservoir from another, in
that there are little faults, and we believe they are probably
large faults in the vicinity of this well. But you can see
from the little streaks in this core, little offsets in the
lines. They are tiny faults and we have an idea that tiiey are
probably larger faults in the vicinity of this well,

Now, this core is also from the I-6. And it's in an -
area which is essentially non-productive. It has the,
approximately the same electrical log characteristics, the same
core analyses as the other wells, but when we fracked this
well, the pressure built up after we had injected just a couple
thousand barrels of o0il, just as though we had reached the end
of the reservoir and we feel that probably that's what
happened, that we were in a little fault block perhaps no
larger thar one or two acres.

Q {(By Mr., Cooley) 1In order to identify the core
samples that you have just discussed for thz record, the one
cshowing the vertical fracturing that you discussed first is
identified as Exhibit D-1, is that correct?

A Yes, sir.

0 And the second one that you discussed, showing the

aip of the feormation, is identified as b-3?

A Yes, sir,




Q And the third one that you discussed, being the

non-productive area, is identified as D-2, is that correct?

A Yes, sir, that's correct,
(Whera2upon, Exhibits D-1,
D-2 & D-3 were marked
for identification.)

0 Eave you had laboratory analysis made of the cores

that you have taken from tne wells recently drilled in the
La Plata-Gallup Pool?

A Yes, sir.

Q Referr’ng to Exhibit 3, are these the analyses to

which you refer?

A Yes, sir.
Q Would you briefly discuss the characteristics shown?
A Yes, sir. The most important characteristic, I

believe, which we found as a result of this coring program,
we can see if we'll look underxr Section C of this Exhibit 3,
there are two pages of core analyses and then a graph or a
plat which shows the core analyses plotted on the same scale

as a copy of the electric log.
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nificant thing to me is that where we find
low resistivity and resistivity curve is the right-hand curve
of the electric log section, which has the coloring yellow,

green and brown. The scale is ten ohmmeters per division and
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the oil and water saturation are shown on the graph that has

the red coloration and you can almest see a direct correlation
between resistivity and oil saturation and, of course, the
inverse of water saturation, which is shown with the solid line
and the oil with the dashed line, Novw, what this means to us

in areas which have not been cored, I mean zones which have

not been cored, if we have a resistivity, a low resistivity, say
ten to twenty ohmmeters, or perhaps even thirty ohmmeters,

that we cannot expect to have a high 0il saturation. 1It’'s
simply, the shale is simply saturated with water.

For instance, in the interval from about 5160 to 5200,
the water saturation is between 70 and 80 per cent. There just
is no o0il saturation,

Q Mr, Greer -- Excuse me, was there other discussion?

A Yes, we think this is significant because a part of
the Niobrara which has been produced in the San Juan Basin
covers several hundred feet and there has been some thought
on the part of some people that perhaps the entire several
hundred feet of section is oil saturated and possibly could
e cil nroductive if fractured. We are convinced from this
coring program that we can anticipate oil production only in
those zones that have high resistivity and, of course, there 1is

high resistivity on the electric log and, of course, we Know
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that we can have high resistivity without having high oil
saturation, so again, we draw the conclusion that although
high resistivity is necessary for oil saturation, it is not
in itself an indication that it is only oil-productive, but
under any circumstances we must have high resistivity, and
by high, in this particular field it appears soﬁething in
excess of 20 to 30 ohmmeters and, of course, we can go back to
the other cross sections and by inspection we can see that only
the zones that we have colored are zones which we can reasonably
anticipate to produce.

Now, we might look just a little, reviewing in
detail some of the analyses that we have. We find that the
porosity, total porosity determined in the laboratory, runs
on the order of five to eight per cent. And oil saturation
in the productive interval from, oh, 40 to 50, possibly 60
per cent. But the significant thing here is that when we add
the oil saturation, which is still in the core when we recover
it, and bring it up on the ground and it's had an opportunity
for whatever o0il is in it to produce in a sense, to come out

AF FhAa ~Avra
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, 1f we add the nil saturation to the water
saturation, we find that these two saturaticns will total from

80 to 95 per cent of the total pore space. This means, then,

that only five to perhaps fifteen or twenty per cent of the




total pore space is all that's available for productive, for

oil to produce. And, too, we have found a good part of this
porosity is tiny fractures, little hairline fractures, that
exist and probably exist in the core samples here, but you can't
see with your naked eye until you treat the core in some fashion
to bring those fractures out, And, of course, the cores now are
not under pressure and these fractures have expanded and so it's
difficult to tell what the true oil volume of these cores

would be without putting them back under the same reservoir
pressure, We can only tell the maxim --

MR. NUTTER: Mr. Greer, Just to interrupt you here --
How are you able to determine what the o0il saturation is in a
core? When your drilling fluid is crude oil, I notice here on
all your core analyses, how much of that residual oil that's
in that core came from the drilling fluid?

THE WITNESS: The answer to that, I think, is,
although it's an odd thing, we have found very little invasion
of 0il into a core and the way we can, of course, demconstrate
that there has been very little oil invasion is by locking at
the core analvses, for instance, the graph we were looking at
under Section C, the oil saturation in the interval from, say,
5180 to 5200 runs from four per cent to fifteen per cent,

Yet the permeabilities and porosities are similar to the cores




of the hole., This means, of course, that in this instance there
was no oil invasion, because there's no oil left when the core
was analyzed and yet the characteristics of the core are the
same ,

From this we assume that we have not had much oil
invasion. But to analyze the porosity, which is left after
you take o0il saturation and water saturation and the fluids
that are left in the core, after it's brought to the surface,
then we find we are looking at a really small part of the total
bulk of the core, something from two or three-tenths of a per
cent to maybe a half a per cent. And this is roughly the
amount of pore space that it would take to contain the amounts
of 0il which have been indicated in the other pools to be
present; namely, from a thousand to two to three thousand
barrels in place,

Q {By Mr. Cooley} ©Now, Mr. Greer, the data that you
nave just been discussing reveals that the total oil contained
in the core itself, as they were analyzed, was rwuch greater
than the amount of o0il that you have estimated to be "in
place®, is that correci?

A Yes, s3ir. Of course, the total oil in the core is a
very large amount of o0il, locked into shale that can never be

moved,
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Q And for purposes of clarification, although it
might not be entirely accurate, is it true that the oil that
you have calculated to be in place is oil that in the main
fracture system that has capability of movement?

A Yes, sir.

Q And that the vast quantity of the oil, percentage
of it, is locked in these hairline fractures and has no
connection with the main fracture system?

A Yes, sir,

MR. NUTTER: In other words, your oil in place is
oil that's in the fractures only and not in the matrix?

THE WITNESS: Yes, sir, the matrix in this instance
is, well, for instance, the o0il i3 s%ill in these cores
although they have been on the surface of the ground for months,
if they were to be analyzed right now they would show the same
0il saturation which you have in these core analyses.

Q (By Mr., Cooley) Did you have prepared, Mr, Greer,
a photograph of the entire core of one of your wells?

A Yes, sir. On the P-31,

(Whereupon, Applicant's
Exhibit £ was marked

for identification.)
0 I hand you what has been marked as Exnibit © for

purposes of identification and ask you if this is the
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photograph to which you refer?

A Yes, sir, this is a photograph of every bit of the
core, which was taken from the P-31 well and, of course, the
purpose of this is to give visual evidence or evidence which
can be seen visually at this hearing, of the fact that there
is no substantial change in the type of formation or the
lithology for the entire interval cored, although there is a
substantial difference in the amount of o0il in the cores from
the different depths.

Q Is it your desire, Mr. Greer, to withdraw this
exhibit after the case has become final and the Commission has
had an opportunity to review it?

A Yes, sir, we would like to have the film, or the
picture returned within a matter of months, unless the
Commission feels they need them,

MR, COOLEY: Does the Examiner have any objection
to the withdrawal of the exhibit?

MR, NUTTER: We have no objection to the withdfawal of
the exhibit after the time for the appeal of this case is over.

0 {Bv Mr. Cooley) Mr., Greer, have you conducted any
communication tests in the La Pleta-Gallup Pool?

A Yes, sir,

0 Referring to Exhibit 2-C, is this a graphical
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demonstration of communication within the pool?

A Yes, sir. Perhaps we should look at Exhibit 2-A
first, to locate the wells we'll be discussing. On 2-A we
can see the well which was shut in and the fluid levels
measured in it. It's the Taylor No. 1 Walker in the
Northwest Quarter of Section 6.

The two new wells which have béen drilled, which
communication is evidenced with the Taylor No. 1 Walker, are
the P-31 well and the N-31 well, both in Section 31. The
first evidence of communication was observed between the No, 1
Walker and the P-31 well,

We might now look at Exhibit 2-C. The vertical
scale is fluid level in terms of feet from the surface of
the ground. This particular well was completed in February of
19683. And this graph is all for the year 1968, It was
produced about twenty days and then shut in, The fluid level
started raising as shown in March, and by about the 20th of
April was up to approximately 1400 feet.

And as noted on the graph, the scale change, we
picked up, down at tne bottum of the gragh, in April. fluid
level continued to rise until in May, for a period of a few

days, tubing was run in the well and it was swabbed at the

rate of about ten barrels a day, in order to condition it to
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take a bottom hole sample, a bottom hole sample was taken and
at that time the well shut in again and the rise in fluid level
continued and it was observed as shown and recorded on this
graph,

And then in August, about the 9th of August, the
P-3]1 was given a sand frack treatment and there was an abrupt
increase in the rate of rise of the fluid level in Taylor's
well, which was shut in all this time. Which we believe was
a result of the sand frack treatment.

And then in early September, as shown on the graph,
the P-31 was put to production. It started pumping the load
0il back and there appears to have been a leveling off in the
fluid level rise in the Taylor well at that time.

And then in early November, I believe that's the
first of November, the N-31 well was given a sand frack treatment.
And the fluid level then showed an abrupt increase, pressure
wave more or less went through the Taylor well and then the
fluid level started declining for the next few days.

Incidentally, we checked the fluid level rate of
increase in the Taylor well within about thirty minutes atter
fracking the N-31, and we actually measured the fluid level

rising while we were there on location, it wam rising I beljeve

at the rate of about 20 or 30 feet an hour.
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MR. NUTTER: Now, you had a rather abrupt increase
in fluid levels in the middle of October there on that well,
Mr. Greer. What do you attribute that to?

THE WITHESS: I don't know what caused that., We
have postulated that that might be a reflection of the pressure
wave created back in August.

MR. NUTTER: Was the N-3l1 drilling at the time?

THE WITNESS: The N-31 was drilling, and we went
back to check our records to see if it was possible that we
had oil circulation and perhaps interference from that
standpoint and the well was drilling at too high a point clear
above the matrix formation, so we felt that was not it. So
we really just don‘t know; of course, it's a small increase of
about four feet, about a pound and a half.

A Then in about the 10th of November the N-31 was start-
ed to pumping and again a very marked decrease in fluid level
was noticed in the Taylor well. It went clear off the scale
in three or four days, and by November 23rd the fluid level was
down to 1490. At that time, I believe we put the Tayleor well
te predneing and shut the N-~31 well in.

The WN-31 had started making gas and we felt it would
dissipate the reservoir, sc we have a marked increase, or

increase in fluid level and evidence of communlcation between the
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N-31 and Taylor's well. And not quite such a sharp increase,
but a definite increase in fluid level resulting from frack
treatment of the P-31.

Now, we have concluded, although we have not shown
it on this graph, that the reservoir has a pressure
production coefficient on the order of 1500 barrels per pound
and that results from the fact when we introduced about 5,000
barrels of o©il in the P-31 we had an increase in the fluid
levei equivalent to about three pounds. By the same token,
when the N-31 well was fracked, the fluid level, although there
was a pressure wave went through Taylor's well, it was
declining at a rate which would appear to us would give the
same stabilized increase in reservoir pressure. So we c¢an
draw, really, two conclusions from this. One is the pressure
production coefficient, 1500 barrels per pound; and the other
is, although there is guite a difference in the type of
reaction from the frack treatments, the end result is going to
be roughly the same. The two wells which had high permeability,
namely Taylor's well and the N-31, showed the sharp change in
pressure immediately following the frack treatment. But it's
pretty evident, it is evident to us, that after two or three

weeks the pressure increase will be comparable tc that which

resulted from fracturing the P-31; so we feel that all three




wells then arxe not only in communication, they are in
communication with the same reservoir. 1It's unlikely that one
of them is producing from two zones and another from only one.

Q (By Mr. Cooley) Well, from this study, Mr. Greer,
do you draw any conclusions as to the effective area of
drainage of the well in this pool, in this portion of the pool?

a The N-31, or the P-31 and Taylor's well, approximately
half a mile apart. This would be one-half mile drainage radius
or approximately 600 acres, would be the equivalent of 600~
acre drainage, The N-31 and Taylor's well are approximately
1500 feet apart, would be roughly equivalent to 1l60-acre
drainage.

0 And is there any doubt in your mind and in your
opinion with respect to the effectiveness of this drainage,

any economic time?

A No.
Q Moving now, Mr. Greer, to the drainage mechanism of

the reservoir drive that is present in the La Plata-Gallup
0il Pool, would you direct your attention to Figure 11,
foliowing 1mmediately aiter rFigure 157

A The Figure 1l shows our calculaticn of --

0 Excuse me, this is in Exhibit 1, Immediately after

vage 22 of Section C.
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A This shows the rate of drainage which we believe
might result in this area if the o0il can be maintained in its
under saturated condition. Refer to this in the rim block which
is in the west part of the pool, the fault block that's along
the steeply dipping part of the area.

Q You have just menticned the under saturated condition
of the oil in the La Plata-Gallup 0il Pool, Mr. Greer. What
evidence do you have of this fact?

A The under saturated o0il to which I refer, we found
from a sample in Mr. Taylor's well, And that fluid analysis
is in -~

Q Section D of Exhibit 2?2

A Exhibit 2, Section D.

Q Section D as in "dog" of Exhibit 2.

A It shows a bubble point of approximately 185 pounds
at a time the pressure was on the order of 300 pounds in the
well, We have carefully conditioned the well such that the
pressure in the well bore during the conditioning period, in
bringing new cil into the well bore, would have had to have
been at ‘east 275 pounds, s0 ihe sample was at least 100 pounds
nnder saturated below the lowest pressure which existed in the
well pore at the time the well was being conditioned. So we

believe this was a very good sample and accurate information,
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Now, if we can keep the oil under saturated, and,
of course, we keep it under saturated by maintaining pressure
on it as the field is produced, we can expect gravity drainage
rates as shown on Fiqure 11, but at different depths. For
instance, in the upper part of the reservoir where the depth
or the rate of dip is about a thousand feet per mile, for
transmissibility of a thousand millidarcy feet, which would be
one darcy feet, we have about 200 barrels per day per linear
mile on stride. If we have as much as one and a half darcy
feet, 2,000 feet per mile, we get up to about 500 barrels per
day, per mile, on a stride. This, these gravity Qrainage rates
are discussed under --

Q 14 to 17 --

A -—- Section 2, pages 8 to 13, Section C, Part 2, 1
think we need not go into them now.

Q What would happen, Mr. Greer, if the reservoir is
produced at a rate in excess of the gravity, efficient gravity
movement?

A In that event, the pressures will drop below the
rubhle point, gas comes out of solution, you have, in a sense,
primarily solution gas drive, and the recoveries then would be
solution gas drive recoveries and, of course, this will result

if the well is, if the field is drillied on a close spacing, and
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high rates of production field-wide are realized. The only
way that we can expect to have the gravity drainage mechénism
work is to restrict rates of production to that comparable to
those shown on this graph in Figure 11.

Now, the drastic things that happen when the scolution
gas drive mechanism takcs piace, is that the viscosity drops,
the permeability to oil drops, and within a short time after
the pressures have dropped below the bubble point, then these
rates, as shown on Figure 11, will drop by a factor of ten to
one hundred; in other words, where initially we have 200 barrels
per day per linear mile in the area we can expect an area
around the Taylor well, it would soon be down to 20 barrels per
day per linear mile or even two barrels per day per linear
mile, if we deplete the field by solution gas drive,

Q From this information, Mr. Greer, what conclusion
do you draw with respect to the most desirable density of
development?

a Well, the density should be, well, first, we need,
of course, in each fault block to have enough wells to
produce the ¢il in a reasonable length of time. And it
appears from these gravity drainage rates that this can be
realized producing the reservoir in a reasonable length of time

with just a few wells, Certainly nothing like a 40 ot 80-acre

1
l
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pattern would give.

Q Mr. Greer, on page 16 of Section C, you have some
estimated recoveries from the various blocks which you refer
to as the rim block and the basin block. Recalling once again
that this exhibit was prepared over a year agd, prior to
drilling of the three most recent wells, do you have any
revision to make with respect to your reserves stated there?

A Well, ves, sir, first I think we should explain the
figqures that show here., The basin block is the block which we
show colored in brown on Figure 9. And the rim block is the
area we show colored in yellow on Figure 9 of this Exhibit 1.
We have some pressure production data for the basin block which
allows us to arrive at an estimate of 0il in place and
recoverable o0il in addition tn what we would have postulated
from our geological work. This is shown on the line opposite
the one titled "Basin Block"™, under both competitive operations
and unitized operations.

MR, NUTTER: Mr. Greer, may I incerr:n»nt one more

time?

MR. NUTTER: That 300,000 produced oil, that would
have come primarily from that Standard --

THE WITHLESS: 1M-5,
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MR. NUTTER: -- M-5, right?

THE WITNESS: Yes, sir, all of it came from that,

MR. NUTTER: From the one well?

THE WITNESS: Yes, sir,

A Then in the rim block, if it covered an area shown
in Figure 9, with other characteristics as shown, we would
estimate for competitive operations nearly three million
barrels in place and approximately 870,000 recoverable. Under
unitized operations, and we have used this comparison, because
under unitized operations we can control gas-oil ratios, control
production, perhaps inject water or gas and maintain pressure,
we would anticipate a higher recovery, nearly two and a half
times as much.

Now, the figures for the basin block, of course, we
must qualify to the extent that we, although we have some
pressure production data for the basin block reservoir, we
don't know how much gas, free gas was originally in place
there., With this unknown factor, it's difficult to put an
exact number on the remaining reserves.

ror the rim hiock, of course, we had no pressure
production data and all we can go on is the size of the area,

and if it has these chracteristics; we now Xnow that the rim

block centains a substantial gas cap and, of ccurse, as a result




there will not be as much oil in place, It also has a broader
area of separation between the rim block and the basin block
and so the rim block is not quite as large as we estimated a
year ago. Nevertheless, the relative recoverable reserves for
the rim block will be about the same as we have shown here,
which is roughly, we think, 25 to 30 per cent under competitive
operations up to perhaps 70 per cent on wide spacing and under
unitized operations.

MR, NUTTER: Mr. Greer, how did you establish that
there is a gas cap on the rim block?

THE WITNESS: By drilling a well inte it, and it's the
N-31, it penetrated the gas cap --

MR, NUTTER: The N-3i did =--

THE WITNESS: The nN-31.

MR, NUTTER: But it was completed as an oil well,
wasn't it?

THE WITNESS: Actualiy we haven't completed it yet,
we just produced part of the load o0il back and the gas reached
such a high point that we shut the well in rather than
continuing producing it,

MR, NUTTER: Structurally, it's about what, a hundred

feet higher than the Taylor well?

THE WITHESS: Yes, only about a hundred feet higher,
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and if I might add to that, I don't have the figures with me,
but we determined the bottom hole pressure in the N-31 at the
time we finished the sand frack treatment and from that
pressure it was, I believe, about 20 pourds higher than we

felt it should be. And, of course, this gave us concern,
because one reason for that would be that the o0il column extend-
ed only half-way between the Taylor well and the N-31 and,

of course, in producing the well we did find the high gas-oil
ratio and it's in the gas cap. And from those pressures, then,
we would estimate that the gas-oil contact is about half-way
between those two wells,

MR, NUTTER: I see, Which would probably be at
about, well, one is 3836 and the other is 37187

THE WITNESS: VYes, sirx.

MR, NUTTER: So that's 118 feet difference between
about half of that difference you would expect to be the
location of the gas=-oil contact?

THE WITNESS: Yes, sir, which would be roughly 60
feet above the Taylor well.

4] {Bby Mr. Cooley} Mr, Greer,; does there occur any
vertical separation within the productive member of the Wiobrara?
A Yes, sir, I would like to refer back to Figure 3,

if you might, for just a moment,




Q This is under Section B?

A Under Section B of Exhibit 1. We anticipate from
this field most of the production will come from the zones
between the D and E marker, primarily the zone colored in

brown, although we believe that there might be production

possible from the zone colored in yellow, particularly if it
could be connected with vertical fractures to the zone colored
in brown.

Now, there are some other zones which show continuity
across this area., And there are three zones between the B and
C markers, which one can follow. We have not colored them in
but it's apparent that they are rather continuous. Our
experience, however, in the Porto-Chiquita Pools with zones
in about that part of the Niobrara, they have had high gas-oil
ratios, they have not been good reservoirs and even where the
gas-oil ratio was good, they did not have as much horizontal
communication as other zones, and a well completed in one of
then would produce just a short while and then be depleted.

We have not, however, found vertical communication
all the way from, say, the B-C interval down to the D-E
interval, which is a separation of maybe a hundred to 200
feet. The shales between those intervals are perhaps more

plastic and if they were fractured at the time that the other
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zones were fractured, well, the fractures have since healed,
and we have found no vertical communication between those
zones. And this means, then, a numuer of things; we cannot
determine communication, for instance, from a well completed
in the B-C interval with one in the D-E interval, but
primarily it means we have anbexpensive completion in that we
have to isolate these zones which are not good producers, in
order to confine onr sand fracture treatment to the productive
interval. If we attempt to fracture several hundred feet of
open hole, we believe it's possible, if not probable, that the
fracture, the sand frack treatment will not enter the right
zone. And if it doesn't enter the right zone, and not being in
vertical communication, then we have not, we do not have a

commercial well.

Q Looking now, Mr., Greer, to Section D of Exhibit 1.
A Yes, sir.
Q This has to du with the pressure production data.

As you pointed out in your earlier discussion, this deals
only with the basin block, is this correct? The pressure,
actual pressure production hictory deals largelv with the

basin block, dces it not?

A Yes, sir, We do have a pressure buildup on the ona

well, on the Taylor well in the rim block, which 1s covered




in here, but no production data to work with.
Q I'm interested in shortening this hearing as much as
possible. Could we turn to Figure 12 and try to summarize

the information that's contained in Section D of Exhibit 17

A Yes, sir.
Q That appears immediately after page 9 of that section.
A Pages 1 tc 9 contain primarily the statistical data

which goes into the figures which follow. On Figure 12 is
shown the bottom hole pressure buildup on the N-5 well taken

in April of 1968. From this we have determined two things,
primarily, an estimate of permeability in the area of this well.
And what its pressure might be at the time or this day it was
taken in April.

The Figure 12 shows on one scalie most of the
information which was taken up to abcut two days after the oil
was shut in.‘ The details of the information from that point
on is shown in Figure 13, Ard primarily what we determined
from this is that the permeability at some distance from the
well bore is substantially better than that near the well bore.

On Figure 12, for the first part of the buildup
curve we determined the permeability to be something like four

to five hundredths of a darcy foot. As shown on Figure 13,

a permeability of ten times that amount is indicated at some




distance from the well bore. Now, we believe that at this

time, of course, the pressure was substantially less than it
had been originally, and the permeability to oil is less than
it originally was. And I would estimate that the initial
permeability, then, when the o0il was at a pressure in the
reservolir, that it was substantially oil and very little free
gas, would probably have been about three times that amount.

If so, the main fracture system within the area of
this M-5 well would have a transmissibility on the order of
one and a half darcy feet.

Figure 14 is a plot of pressures taken in the M-5
well, plotted against a cumulative production., By April of
'68 the well produced approximately 300,000 barrels of oil,
and as can e scen on the graph, shut in 48 hours and shut in
twelve days, the pressure was still increasing. And our
interpretation of the maximum pressure at which this well
might build up, which would reflect the true reservoir pressure
at this time, would be something between 1100 and 1200 pounds.
If the pressure, stabilized pressure in the reservoir were
size 1200 pcunds lacet Rpril, it would indicate a pressure
production coefficient of 1,050 b: crels per pound. We know

that it was at least 1100 pounds, which would be a pressure

production coefficient of 800 barrels per pound.




Using those two coefficients, we c¢an calculate that

the oil in place, that there were no free gas in the reservoir,
would originally have been on the order of two to three million
barrels of oil, Now, at this point I estimated two and a half
million barrels of 0il. Now, this means, then, that if this
well is in commnication, or was at the time it was first
drilled for two and a half million barrels of oil, and we have,
as we believe, something like 1200 barrels per acre in place,
the well then must be draining an areaz on the order of 2,000
acres. It is only happenstance that that is approximately the
size of the area shown in brown on Figure 9, which from our
geologic interpretations would be the size of the basin block
reservoir which geologically we would expect to have.

Now, the fact that we determined 2,000 acres from our
pressure production data, of course, does not necessavily
confirm that that is the area, but it would be an area of
about that size. It may not be located as shown on Figure 9,
but it would be an area of about that size.

Now, of course, if there were substantial, if there
were a substantial gas cap in this reservoir, then the amount
of 0il would be less and the area would be less. We think
that there is very little room for substantial gas cap here,

because it is s0 close to the point which we belicve separates
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the basin block from the rim block. The bottom hole location
of the well is indicated on Figure 9, is very close to the

zero contour and we feel that there can be very little
productive acreage updip from that point. Even so, if there
were a substantial gas cap or free gas in this reservoir,

which tended to hold the pressure up, we still have the fact
that the well has actualily produced 300,000 barrels of oil, and
if the recovery in this instance, almost has to be solution

gas drive, there's hardly enough dip here for gravity drainage.
We must be looking at only 400 to 500 barrels per acre, so

this means, then, that the well has actually produced amount of
0il equivalent to complete depletion of six to seven hundred
acres.

MR. NUTTER: Whatever dip there is, is down from
the well anyway?

THE WITNESS: Yes, sir. So this, then, gives us
additional evidence, we believe, of widespread drainage
possibilities in this pool,

Q (By Mr. Cooley) Moving now, hurriedly, Mr. Greer,
to Figure 15, for a brief summary oi tlie pressurc buildup survey
on the Lloyd B, Taylor No, 1 Walker --

A We determined, again, two things from the pressure

buildup of this well; as shown on Figure 15, this is a plot
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which is often used for a well, a new well in a reservoir,

the familiar Delta "T" divided by "T" plus Delta "T", time
ratios against either pressure‘or fluid level. And, of

course, from this we can tell permeability in the vicinity

of the well, which is indicated to be two and a half darcy
feet. And also an extrapolation which would indicate a minimum
height of fluid level to which the well might buiid ugp.

The important thing we gather from that is that it

is apparent that the fluid level will raise at least to a point
1300 acre feet from the surface, and, as a matter of fact, it
actually rates higher than that., But that gives us a minimum
pressure in Mr, Tavlor's well, the E marker datum, of around
330 pounds., And when we convert that back to a datum comparable
to that of which the M-5 well was completed, or which the
pressures were measured in the M-5 well, we find a comparable
pressure, then, of 1500 pounds, which is ahout the pressure
the M~5 had originally.

This means to me that we are dealing, then, with
virgin pressure in the rim block reservoir. And that the M-5
well has noct depleted this reservoir,

MR, NUTTLR: The rxim block?

THE WITHESS:  The rim block, ves, sir,

A So we have, then, presonre difference data which




then adds to our belief that there are two, at least two fault

blocks.

Q (By Mr. Cooley) Section E, Mr. Greer, deals with

drilling and completion methods and costs. It is self-
explanatory, and I suggest that we move on to Section F, which
deals with the economics under competitive operations.

A All right, sir. I suggest we look --

0 On page 3 of that section you have a tabulation

which I think best explains it; would you direct your attention

. to that?
A Yes, 8ir. On page 3 of Section F of Exhibit 1, we

have a schedule which shows my estimate of drilling costs

~ based upon the depth wells will be drilled and also on the

| spacing, and the reason it varies in this instance with spacing
is that it would be my thought that on close spacings, say, 40
acres or 80 acres, that operators would not take the, go to the
expense of large sand frack treatments, they would hope by
drilling enough wells that they could get into the fracture
system with the additional number of wells, and perhaps could
drill them somewhat cneaper thain on wide spacing. On wide
spacing we feel we have to go to large frack treatments to be

sure we get into the fracture system. And, of course, on the

close spacing, if care is not taken to drill a well with air,
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if they are drilled with mud, of course, they will ruin some
of the wells,

This is not a material thing from the standpoint of
recovery because on 40-acre spacing they would probably only
need az fraction of the total number of wells drilled to
recover the oil, so that's not the fact that they would ruin
some of the wells doesn't mean they wouldn't recover all of the
oil; and by “all of the oil", I mean all the oil that is
recoverable by solution gas drive methods and under competitive
operations it probably would make very little difference in
recoverable oil on the various spacings other than we might
recover a little more on wide spacing than on close spacing.

The reason for that is that competitively the wells,
the reservoir would be produced so fast, depleted so fast
there would be very little gravity drainage.

Now, with these fiqures of costs of wells, we can
then determine the economics under the various spacing

patterns that might exist under competitive operations.

0 Would you proceed, then, to the 40-acre spacing
pattern and discuss theé ccoencmics under that?
A This is shown under the tab numbered 40 and here we

have just taken a sample reservoir of the sizes indicated

earlier, postulated a few dry holes and calculated the total
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cost depending upon the depth and for the 40-acre spacing

column as we reviewad on the previous schedule,
In this instance we would anticipate a recovery of
a million one hundred and seventy thousand barrels of oil at
a cost of seven dollars a barrel, which, of course, would be
uneconomic,
Q Would you proceed to the 80-acre spacing postulation?
A With the same principles on 80-acre spacing, we
come up with a cost of five dollars and eight cents per barrel.

Q And for 1l60-acre spacing?

A l60-acre spacing we get down to a cost of three dollars
and eighty-three cents per barrel for the over-all average.

Q And for 320~-acre spacing?

A 320~acre spacing we have gone to a little bit more
detail, broken the cost down as to the different blocks, the
basin block and the rim block, but primarily what we would
like to show here under the colored plat, under the 320-acre
tab, is the fact that on any spacing pattern it is difficult
to realize the full spacing recovery for any -- on an over-all
average, and that ls becausc that somewhere under the spacing
unit of the outside or edge wells the reservoir will probably
cease to be productive or you'll reach the edge of the

reservoir, and for the exawnple shown on this plat, although the
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spacing is 320 acres per well, the true average area of
drainage, which each well would result in having, is only 200
to 220 acres. So even under wide spacing we find that we
really could not anticipate a full drainage tract for each
well equal to the spacing unit.

Now, these costs are shown, figuring costs in terms
of dollars per barrel recovered, is shown, too, for the basin
block, which is still quite high, $6.50 a barrel, The rim
block, however, begins to reach economic proportions, $1.72
per barrel on 320-~-acre spacing.

Q Mr. Greer, from your testimony with respect to the
various possible spacing patterns, it would appear that in
your opinion that ncne of the spacing patterns, eitherxr 40, 89,
160 or 320 would be an economical method by which to develop
this poel.

A This is true.

Q Then, as far as, in fact, development, in view of
the unitization of this pocl, would you proceed to Section G
and demonstrate to the Examiner how you would propose to
actually develop this pool?

A Yes, sir. It is our thougiht that this pool can only
be economically developed under unitized operation and, of

course, concurrently with that, to have some type of wider



One type of development

spacing pattern than the 40 acres.
pattern is shown under Section G of Exhibit 1, which would
probably recover the maximum amount of oil for the minimum cost.
And the reason for this is that the gravity drainage mechanism

could be realized in the rim block and additional oil

recoverad in that fashion. And it would take only a few wells
to do it.
The basin block, it makes no difference, I Lelieve,
what spacing is drilled on; it's recovery will be about the
same, being solution gas drive.

Q Well, Mr, Greer, in view of this fact, why have
you proposed that the 0il Conservation Commission space this
pool on l60-acre spacing?

A Well, sir, it's very difficult, of course, to get
100 per cent commitment of the working interest owners to a
uniit agreement and if some of the operators have not joined
the unit agreement, then they, of course, must be permitted
to develop their own properties in their own way. And so it's
necessary that we have some tvpe of spacing pattern, And it
certainly nceds to ke wider than 40 acres,

We believe, in this instance, that with the

commitmnents we have to the unit agreement, although part of the

acreage 1is still not committed, that the unitized lands




could be properly protected with the 1l60-acre spacing pattexn.

I believe we could meet any offsets which would be drilled by
any of the non-unitized parties, and protect the lands
without a dense drilling program being resulting.,

Q Wculd this be true in the case of either 80-acre
spacing or 40-acre spacing?

A If we get down to 80-acre spacing and 40-acre
spacing I feel we could not protect the unitized lands without
drilling too many wells.

Q Would this, in your opinion, result in the drilling
of useless and unneceséary wells in the pool?

A Yes, sir.

Q Would failure to drill on a closer pattern result
in any less recovery from the pool?

A No, sir. In fact, I anticipate higher recovery
on the wider pattern.

Q And this, again, is because of the efficient utiliza-
tion of the gravity drainage mechanism?

A Yes, sir.

Q Now, so that we have no misunderstanding with respeci
to the particular type of spacing order that the Applicant is
here requesting, it is true, is it not, that you prcpose that

the order prohibit the drilling of more than one well on l60-acre




57

quarter section?

A Yes, sir, we are concuerned with not only proration
units but actual spacing units.

Q In your opinion, is this particular provision
~ absolutely essential in order to prevent waste in this pool?

A‘ Yes, sir, it's absolutely essential.

Q In your opinion, will the pools, or pool or pools,
the area requested here to be spaced, be efficiently and
economically drained under the patterns which you propose?

A Yes, sir.

Q In your opinion will the correlative rights of any
operator in the pool be adversely affected thereby?

A No, sir.

MR. COOLEY: Mr, Examiner, this concludes the direct
testimony that we have with respect to the spacing facets
of our case and we would move admission of Exhibits A through
E at this time,

THE WITNESS: Could we have a word?

MR. NUTTEK: Sure,

MR, COOLEY: I would like to move the admission of
these exhibits and then inquire of the Examiner his pleasure

with respect to procedure., Do you want to cross cxamine with




respect to this?

MR, NUTTER:

MR. COOLEY:

We have got Exhibits A through E?

Yes, sir, We have Exhibits A, B and C

in the form of the booklets.

MR. NUTTER:

MR, COOLEY:

THE WITNESS:

MR, COOLEY:

MR. NUTTER:

Those are 1, 2 and 3.
Excuse me, Exhibits 1, 2, 3, 4, 5.
We have got some misnumbered here.

I will redesignate the exhibits, but

Now we have three books here, that's 1,

2 and 3, and you have got three rocks there?

MR, COOLEY:

MR, NUTTER:

MR. COOLEY:

MR, NUTTER:

which is the film that

MR, COOLEY:

MR. NUTTER:

4-C and Exhibit 5 will

No, they are all marked as 4.

4-aA, 4-B and 4-C?

Correct.

And you have got Exhibit 5 here,

you want withdrawvn later?

Correct.

Applicant's Exhibits 1, 2, 3, 4~A, 4-B,

be admitted in evidence provided that

Exhibit 5 may be withdrawn at a later date.

MR, NUTTER:

(Whereupon, Applicant's
Exhibits 1 - 5 were offered
and admitted in evidence.)

How much longer will your direct
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exanmination last, Mr. Cooley?

MR, COOLEY: I would think possibly another fifteen
minutes with respect to the pressure maintenance and the
amendment of the unit rules.

MR, NUTTER: I think we'll recess the hearing at this
time until 1:30, then.

MR. COOLEY: In order to clarify the record with
respect to Applicant's Exhibits, that portion of the record
which refers to Exhibits D-1, D-2 and D-3 should be changed to
read 4-A, 4-B and 4-C respectively. And the exhibit identified
as Exhibit E should now be identified as Exhibit 5.

(Whereupon, the noon recess was taken.)
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CROSS I HINATION

PY MK. HUTTER:

Q ¥r. Greer, in your direct.tes
the rules that you would vropose for %h
the drilling of & second well on a 160-
were approved by the Commission., Now,
would also object to the formation of a
less than 160 acres?

A Yes, siyr, unless, ©of course,

partial section. You know, there arz s

[t

along the township line; scma ars large

are smaller. But with tnat exception,

& sow, yvou also mentioned that

N 2 H
¥ ~

+his unit area that

ha? nd* iteson gominixd

timony you mentioned that
is pool would prohibit
acre tract if such unit

1 presume then that you

nonstandard unit comprising.

it was the resuli of a
ome lots, as I recall,

r than standarc, an some
we would appose 1it.

there wers some tracts in

i Yes, sir.
0 For the purpose 0f protecting the unitizer line by
drainage from those fracts outsida of the wavticiiatinn, you falt

chat 160-=2c¢cre spacing would be zgdsauate,

- f + % 1 s ~ ] S - -
not commities o the unit, <coulc you L2

size and s

Now, wihat tracts are

11 a2, and whatr is the
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nave & cooy of nxhiibiis Loand 3osC e unit anreeryont. Lo T sl
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vou sunbhose we couvld have $omedne 1ook that up in the unit files?

I don't bave a copy of Uxhibit 5 or '3 wisth me.

C Yes, 1 think we probably can. iias the status changed
since the unit adarseicent was signedd, or (9 yvou know offhaund
which tracts are not commitited, 50 if you had a copy 9f the
Exhibit A~

A I would have to look at Exhibit A or 3 in order to tell
witich tracts we feel will not come in. In general, though, they
are tracts, 1f you migat refe; back to--

Q Raefer to fiuure 2, that shows all of the tracts, and

you can probabkly identify them.

o Ycou are lookinag ait fiqure 2?
] Dxhlplt 1.
A Thev are primarilv in Sections 27, 28, 34, I believe &

40-acre tract in Section 2, *the northeast of the southeast. That
would L most of it

o Now, up nhere 1in section 27, which would the acreage be

which was not committed?

A In the south part of Section 27.
Q That little narrow siriv tha®t runs across the soutn

o 1 nalieve 1% iz olther SR narrow s55ris 92U Sho swall

nor T

6]

fe e v e ta H N . . N AT g s - T A A, L P
coaoos, raalves DN bBhosn So-acre Trac s,
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O And then in Section 28, which is the acreace that is

not committed?

A I believe it 1s the acreage shown through the center
of the-- )

Q Is that the odd-shaped configuration?

A The odd-shaped configuration, ves.

Q And did vou mention Section 29?2

A I didn't mention Section 29, and I certailnly can't
tell.

Q And in Section 34, that would be--

A Probably the little traci, 80 acres in the west half
of the northwest guarter.

O Mr. Greer, in the event we adopted 180-acre spacing
rules, and you don't approve of nonstandard units, what opportunity

1s given to the owners of this acreace to develop their property?

A Well~-
e Without coming into the unit,
A They can drill in on 160-acre tracts and, of course,

if they don't have a full 160, then, of course, they can
comrunitize with unit lands in the 160. Of course, if we refuse

£o join, they could forca ¢

-’

00l the unit lancs, %his 1is our

interovretation of the forcaed noaolinag law cr ruls,

But vou would 5031l bt Lo tan Tomrotion of 4

[ ERR R




nonstandard unit and suggest--

A Well, I'm sorry, sir, I thought vyou were talking about
standard l160-acre tracts in which they didn't have the full 160
acres,

Q Well, you would object to either the formation of a
nonstandard 160, excluding the unitized lands, and you would
suggest they would force pool?

A Ch, ves, sir.

0 Take the southwest quarter 2f Section 28 there, 40
acres presumably is unitized, and 120 acres is not committed to
the unit?

A Yes, sir.

Q S0 you would suggest if they wanted to develop that
quarter section, that they would have to force pool the 40 acres
that belongs to the unit in with their 12072

A Yes, sir, thev would always have that right. I doubt
that we would refuse o join. We would »robably work out some
kxingd of agresment where thev could have our 40 acres and arill it.
sut certainly, we would not prevent them from drilling their 1290
zcres and force pooling ouf 40,

o Now, what 1s vour primarv oblieckion 0 the establishmant

Np)

av two 80-acre units 1n a4 cuartoer section,

of nonstindard units,

assuvminag that cacn of those vells woull racgsive »al? of un
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allowable? The withdrawals from those Ltwo wells woulda ho
limited 0o one single allowable, an woul<dn't result in droppina
the reservolr nvressure below the bubble point with an increass
in viscosity, would it?

A I have no particular objection to two 80-acre tracts
forming a 160. The nonstandard units that I would oppose would
be, say, two 40-acre tracts and, say, two lots of five acres
each. That would really give you only 90 acres. In this
instance, we would suggest that they go to 240 acres.

0 You would rather sse an oversized unit than an

undersized unit?

A Then they could have the unitized allowable with it
0 Along the west side of this township, there ars some

undersized sections which, I presume, 10 hava some small lots
under them?

ps Yes, sir, you can se2 1%t is dotted out, I believe in
Section 7. In the south nari of Lthe olazZ, vou can se2z the siza

of thcse small lots.,

0 Referring to your Exhibit lurber-~-or Tigure Mo, 2 in
Fxhibit in whicn vou have~-correction, we will make that

Figure 9, 1in which we have the rim hlock and the hasin block.

I PR Y ~ N - T Y ey e e I e, i T . vy o N ¢ R G
Now, this 1s oropatly LZhe limlts 275 e Jdevelovmesnl as fay as
comgnerceial oroductlion s oonceoarpiasl, 45 Uou Know Lo o), s Thill




allowable? The withdrawals from those two wells would bhe
limited £o one single allowabla, an<d wouldn't result in dropping
the resarvoir vressure below the bubble point with an increase
in viscosity, would 1it?

A I have no particular objection to two 80-acre tracts
forming a 160. The nonstandard units that I would oppose would
be, say, two 40-acre tracts and, say, two lots of five acres
each. That would really give vyou only 90 acres. In this
instance, we wcould suggest that they g0 to 240 acres.

0 You would rather s2oe an oversized uniit than an

undersized unit?

A Then they could have the unitized allowable with it
Q Along the west side of this township, there are some

undersized sections which, I vresume, Ao have some small lots
i Yes, sir, vou can se2 it i3 dotted
Section 7. In the souil narit of the plak, vou can son the siza
of those small lots.
0 Referring to your Bxhihit Munber--or TFigure Yo, 2 in
Fxhibilt 1 in which vou have--correction, we will make that

.

Figqure 9, in which we have the rim block and the basin block,

Now, this is proovably the limits of == Jeyalovmenz 2s Tar oas
corseraial wroducIion 1s o ooncearnos . Lo U Tnovw 2T oo, s thal

7




coryect?

A It could extend into the area a little bit north of
that, as shown on figure 2, colored--the areas colored on
Figure 9 would be the area primary possibllity. Figure R there
colored in brown, in ny opinion, might offer production or might
permit production, but I really doubt that it would be commercial.

Somewhere in the brown shaded area, I think we will find the end

of the commercial production.

o~
)
’

X

Now, actually, what vou have done, if you take the
colored area on Tigure 9 which is bounded by the dotted line,
you have extendad that on the north with the dashed line by just
about a bel:, z belt of just about a mile width, is that correct?
A Yes, sir, that's correct.
Q And then down on the southwest side of the colored
area, you have extended that area by a belt exactly one mile
wide around on the southwest side?
A Yes, sir. If I nigat continue on that, we shorien
on a due south side because o0f the voor devalopment shown in
No. 1 Elliott, the southernmost well on the plat along the
line between 13 and 14 west,
o wWhat are the pool boundaries as establiszhed by
Commission ab tne vrosasne time?

A Piie nresent deslagnatas Lr Pilata-Callun Pool, I




covers the south half of Section 5, and then, ©of course, as 1

understond 1+, the rules soplving to this podl then would also
cover wells drilled within one mile of that boundary, which just
about fits this scuthnern voundary. Of course, it would be
slightly east of this boundarv.

Q The pool has never been exiended over to the Taylor
Walker Well yet?

A I think that the Taylor Walker Well has just been
operated under the same rulsas, since i% is within about a mile
of the present designation,

Q _ And then you have two wells in Ssction 31 which aren't
shown on this exhibit, and the pool hasn't been extended to take
them in either, also?

A No, sir.

Q Now, vour recuast here for the 160-acre spacing is
that these rules would be apvlicable to the entire area of the

La Platza-‘fancos mit, *he way I understand it?

4 Yes, sir.
O which would be besyond the commercial productive limits,

as vou estimated them, they would be well beyond the vresent

so00l Doundaries, and theay would even be past the commercilal
limits?  Take wp in tae norih end there of the unili, yvou have a
wlT o thars thal i seyond the one aiis beolt, whtanl 0 o least o




halt a2 mile vide, so vou would Ye maling vse rules anclicahle

tor levond tle prescent nool houndaries and hevond the exvected

houndaries of cermercial nrocuction?
Verr, sir.  "™he reason for that is it is so difficult

to tell for sure vhere the production will start and wherc it

will end.

O T realize when vou have a fracture system this wav, it
could extend a ogood distance.
» Ves, sir. 2nd ve felt it is ahsolutelv necessarv to
cover the area, and we feel that on one will he harmed if we
hava a little laraer area than actuallv covers these rools.

And, of course, as we understand it, there is nothina
at some future date 1o vrevent an orerator from askinag a hearing
to shrink the rool houndaries, if through development of
additional information thev have found a serarate reservoir which

reaquires different treatment, as for instance « sand har.

0 Te it -~our oresent contemrlation to drill anv additional
wells?
I Yes, sir, there 1= a well in Sectiorn 32 of unit G,

which is currentlv ':eina drilled; and further drillino to the

north of that would rrobahly denend on the outcome of that well.’

1
f

~
‘
—
—
o
o
-

bora 1 nothino colina on at the nreseont Lime in

the rrown area?
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Yes, sir, we are vreparinag to wordy over the well in

the southeast cuarter of Section 5, indicated on Tiaqure 9 as the

) J~-5,
- 0 That is shown with the gas well svmbol?
A vYes, sir, that well was originally completed in the
- Dakota. "e have just recently nluga=d the Dakota off and are .
- nreparing to treat the Galiup formation.
0 Is that the Foss well that we had considerable
) correspondence on last vear?
. A No, sir, the lioss well is the o0ld Standard of Texas 5-1

vell which lloss purchased from Standard of Texas, and we purchased
then from Hoss, and it is designated on here as the M-5.

MR, NUTTEP: I helicve that is all the cquestions I
have. Are there anv other cuestions that anyone wants to ask of
My, Greer? Go ahead, proceed with your next direct testimonv.

(*"hereuvon, Anplicant's FExhibits
Numbers 1, 2, 3, 4, 5, inclusive,
Case No. 4074, were marked for
identification.)

DIRLCT TXAMINATICN

3Y MR, COOLEY:

~

0 Y. Greer, Tonson-Moantin-freer bas made arnlication to

the Commission in Case »No. 4074, for the institution of a »ressure

rmaintenance vroject in the La Plata-Zallur 031 Teol, and the
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surroundina area, the area covered bLiv the La Plata-‘ancos Unit
Aareement. lave vou prepared a »nlat which shows thereon the
nroposed injection water wells?

A Yes, sir.

n I hand vou what has been marked as I'xliikhit 1 in Case

4074, and ask you if that is the plat to which wvou refer?

A Yes, sir.
0 Does Exhibit 1 show thereon the vrovosed water

injection well?

A Yes, sir.

o would vou identifyv trhat nplease?

A It is in Unit P of Section 31, and is identified on
the plat.

0 For what purpose do vou provose, what specific
purrose Jdo yéu propose to iniject water into this pool at this
time, Mr. Greer?

a In order to maintain pressure and kéep the charac-
teristics of the reservoir oil as favorakhle as rossible. Ve
helieve by this sort of flotation water flooding nrocess, we can
realize the same ultimate recoverv, hich ultimate recovery as
we can bhv aravitv drainage. It is just a vavorso nrocess of
movine the 0il unhill rathoer than dovnhill. “he imvortant thing

in o kecr the gas in solutionr, and rrevent a deterioration of
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1 relative rermeability characteristics.,

0 Does the success of this water injection nressure
maintenance concent depend uron the concent that the water will,
because of its weight, sink to the hottom of tha reservoir or
below the o0il, at least?

A Yes, sir, the area right around the vronosed injection
well is fairly tiaht, low rermcabilitv. e believe the water
will course in all directions as we inject the water into this
well, but when it recaches the vermeabilitv indicated for the
reservoir found in the Mo. 1 Walker and in the =31, this will
be high cnouch permeabilityv to allow the water and oil to
separate bv aravity secrecation. W%e fecel then that the oil will
float to the top, in a sense, the water will tend to move to the
bottom; and if we can keepr the o0il undersaturated, we think we
should have a hich recoverv of oil in rlace.

0 Do vou have anv evidence throuch the producing history
of this vool of the amenalilitv of the nool to aravity seareqa-
tion? FPave you had occasion to ol'serve oravity searegation in
the rool?

2 1] we can do is calculate on the basis of transmissi-
Lility the rates of cravitv seoreqgation, oravitv drainacge, which
we have done, and we think vould be adeouate for a successful

fleoorc., Ty oonlyv o crehlen here 1s that the rescorvoir arvvears Lo be
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aquite small,
0 ilave vou vrepared a diagrammatic sketch of the nroposed
water inijection well?
2, Yes, sir.
0 I hand vcu what has reen marked as I'xhipbit Number 2 in

Case No. 4074, and ask vou if that is the diacrarmatic sketch to

- which you refex?
. 1
A Yes, sir.
0 i1l vou exnlain to the Fxaminer the information set

forth thereon?

A ell, this wvlat simplv shows the casina in the well,
the proposed settina voint of the racker. It was our intention
to load the annulus vith o0il hehind the packer, and we will then
inject water into the perforations throush which the well now
produces.

0 NPo vou also mronrose to simultaneocusly inject cas into
the reservoir at a different »noint.

a Ves, «ir. In Ixhibit 1, wve show the locatinmn of the
vroposed aas injection well. It is in Unit N of Section 31, and
is marked on the nlat.

O “hat is the murvose of injectino gas, wvhat would bhe

vour surpnsce of injectine gas into this resorvoic?

Ouyr vurtese T injecting cgas ig amain to helvt maintoin
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reservolr pressure hiaoh cnoual to keer the oil at a rressure
above the hubble point. We bhave anticimated by the time we can
qget water started into the around that the pressure will have
dropped somewhat in the rescrvoir, and it will bhe necessary then
to raise the pressure in order to keen the il pressure above
the hubble roint.

e can do it two wavs. One would be to inject an
excess amount of water and compress the cas cap, but if we do
we are apt to lose oil into the dry aas car. So our plan is to
inject enouch water to raise the level arcund the No. 1 Walker.
At that time, we will inject enouah gas to raise the pressure in
the reservoir to a point that we can pluag the well and a draw
down in the well bore, while leaving the working pressure at or
near the bhubble noint. In this fashion, we can produce with a
minimum draw down anv given volume of o0il, and with a minimum
drav down in pressure ve will have a maximum potential for
successful water flood.

0 Has the gas o0il ratio in the Tavior alker well shown
any increase since its completion?

A It produced from about three months from the end of
Vovember to the end of Februarv at about soldticn goa= o1l ratio,
and at this roint it started--it has recentlv started a sliaght

increase in ass o1l ratrio, vhieh 19 dust alrout thoe same we




calculated would hannen,

0 Isn't it also further evidence of the amenabilityv of
the reservoir to oravitv searegation?

» I helieve it indicates that some aravity searegation
was takino place in the production of this well, inasmuch as the
gas oil contact is only 60 feet above the datum at which this
well oroduces. And horizontallyv from the well bore, it would
have to be within 200 or 300 feet, and there is enough o0il being
produced that had we had comnlete aravitv seareaation, the agas
would have been anrroximately to the well bore now. Sc this
means there has heen vervy little coning, and with verv little
coning we can only assume that we have had ocood aqravity
segregation.

Q) Have vou prevared a diacrammatic sketch of the proposed
gas injection well, N-317?

A Yes, sir.

0 T hand vou what has been marked as Exhibhit MNumber 3 in
Case 4074, and I ask vou if this is that diagrammatic sletch?

A Yes, sir.

p) “ould vou please voint out the significant features of
this?

R This alsco shows the strincs of casinag in the bhole whor

[}

thevy ware cerernted, and Yo much comort,  Thie ig an oren hole




completion, avvroximately 80 feet of onen hoele below the casing.

It is our intention to inject gas in this well in the
casing without either tubira or nacker. T understand this is an
unusual norocedure, but in this instance we feel that it is a
comnletely safe aoperation.

The casing is seven and five-eighths inch N-80 casina,
will stand several thousand pounds nressure, and we anticirate
our hiaghest injection pressure to be on the order of 300 or 400
nounds.,

0 My. Greer, what will be the resrective sources of the
injected water and injected cas in the event this application is
apoproved?

A As to water, one of the local ranchers has a water
wvell within a few hundred feet of the proposed water injection
well. Ve have an acrecment with the rancher to purchase water
from him.

Mg to the source of cas, Southern Union Gas Company
has a pripeline within a few hundred fcet of the well, and the
line carries nressures ranaging from 300 to 500 pounds. Tt is
our rlan to purchase acas from Southern Union and inject it into
the well without compressor, just simnly use line nressure. The
injection rates will me cuite small. e anticirate indecting

nrobably not more than 100,000 feot a dav, and rrobahlvy in‘dcction
’ ’ !
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vould be required for a reriod of time less than a vear in order
to raise the reservoir nressure to the point desired.

0 Then with respect to the water sources, it would be
fresh water that vou would be injecting?

n Yes, Sir.

0 Mr. Creer, in vour cpinion, will the avrovroval of the
proposed pressure maintenance project increase the ultimate
recovery from the La Plata-Gallup 0il Pool?

n Ves, sir, in the circumstances which we have found,
the wells which we have drilled in this area sco far, it appcars
that we cannot utilize gravitv drainage in the normal fashion,
which we would have preferred in this particular fault block,
for the simple reason that the hichest productivity wells are
updiv, and the lower oroductivitv wells are downdip. Accordinagly,
in order to reduce the reservolr to a reasonable rate of i
production, it is more vractical to inject water downdip than to 1
nroduce the undin wells, ratber than, sav, inject cas updip and
produce the downdin wells., OFf course, we are dgoing te inject
agas, but onlv for the »urrosec of raising the pressure, and not
for the purmose of movina the 03l downdin.

0 In vour orinion, can the correlaiive rights of snv
onerator in the erntire arca of tho nool hao adverselvy effected

e anvraval of e arovosad vrojeat?
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hat Mo, sir, all of the owners of workinag interest richts

within the area of the vroposed »ressure maintenance proiecct

have committed their interests to the unit agreement, and we
can see no difficulty with uncommitted owners.,
O It is vour proposal, however, that the entire unit

area be considered as the nressure maintenance project area?

A Well, sir, I believe the vractice ¢of the Commission

has been, even inside a unit, to desianate pressure maintenance
nrojects which do not cover the entire land, and T shouvld think
the same prrinciples that the Commission has

we can he cuided bv

used in the vast for desianatinag a pressure maintenance project.
0 Do vou have anv recommendations with respect te the
area to ke covered bv the rrorosed pressure nraintenance project?
A well, I have not civen thouahts to that, hut I guess
we can do it right now,

of Section 31, the east half of

T would suagest all

Section 36, the east half of “ection 1, the north half and the

southwest ouarter of Section 6.
0 Does that include all of the rresently comonleted wells

in that narticular fault klock?

A Yeg, sir, so far as we kXnow at this timc.
0 If anv additional wells vere comtloted within that
varticular fault "lock, would it o voury rocommansotson Unat
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the »nroject area be enlarced to incltude them?
A Yes, sir.
MR, COCLEY: T rave no further cquestions on direct.
CROSS IXAMINATTON |
BY MR. NUTTIR:
0 My, Greer, referrino to Exhibkit Number 2 first, I

note that vour surface pipe is set at 27¢ feet. 1Is this adecuate

to protect the surface water in this area, the shallow fresh

water?
A Ves, sir.
O No wou know what the depth of the rancher's well is

that vou will he buvinag water from?

A I don't recall that. T helieve it is from--I believe
we checked inte this one time, and decided it is vroducing from
the Cliff Houvse, and, of course, the formation dips in that
area. The Cliff louse is exrosed on the west vart of the unit,
and it is scveral thousand feet deep on the east side of the
unit. The surface or near surface water sands are not related,
X don't—believe, I helieve are not rclated to anv of the other
rormatlons.

n nor, what volume of vater do vou anticinate veou will
He injecting into this well?

A Tt is rv troucrt that ve vonld indect juel erowern




|
|

vater to maintain reservolr pressure, once we have raised the
reservoir pressure bv injcctina oas in the =31, Tt is mv
thought that we will shut the well in, use it as an observation
well to measure reservoir wnressure, and then we will adjust our
injection, water inijection volures to maintain that pressure,
neither increase or decrease it.

8] In other words, vou would be putting in what vou take

out?

-l

\ Putting in what ve take out. 1llearly alwavs there is a
loss of water injected, and it varies from perhaps 10 to 30
rer cent. T don't know whether it is absorbed in the shale, or
what happens to it. But I would think that that would be some-
thing on the order of what we would inject, from 100 to 130 per
cent of the o0il produced.

0 Do vou have anv idea what the injection pressure will
be for that water? '

hal Mo, sir, we have not run anv calculation. I have
just assumed we would have no difficultv in puttirg the water
awvay. Ve have a tentative order for a pump which will go up to
several thousand n»ounds, if we need it. BAnd, of course, we are

N

certain that we can ovut the water awav if we have to oo to

1

Trackinea tho pressure, which will he 1,507 to 2,100 nounds.

. “ 9

o, the rerforvated intorvel in trie 1-31 s 2,943 to
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2,275, tould that he with referonce to the cross secection that
vou have in this Fxhibkit Murher 1 with the hrown, the vellow,
and the areen? "ould that be in the brown area?

Iy Tt is onlv in the hrown area, ves, sir.

n And then referrina to xhikit Number 3 on the gas
well, you mentioned the source and the volume, and the pressnre.

It is this cren hole interval from 2,219 to 2,234 in the brown

only?

D Ma, it is in hoth. 7Tt is in bhoth tre vellow and the
brown.

0 That is the well that we were discussing before lunch

that is partiallv completed above the gas o0il contact, isn't it?

A Yes, sir.

0 Is the surface casing here adequate to protect the
shallow fresh water from b“eing contaminated hv gas in the evert
vou should have a breakthrouch somehow? VYou have 176 feet.

A Ves, <ir., T helieve at that boin£ we don't reallv
have fresh waters. That is usuallv characterized hv water that
is not fresh. 3 heliecve at this particular roint, we don't have
surface fresh water nrohlems.

o Mo shallow froash waters here?

A o, sir.

o Yoe, in vour -2l oell, ccon i1l oune vlastic lined
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tul*ine, and yeou arc aoine teo load the annulus with oil. Can
that re ecuipred witl: a nressure cauge at the surface so you can

detect a pressure lea?

il Ves, sir.
0 and vou suegest for the project area that we include

all of 31, the east ralf of 36, east half of 1, and the north
half and southwest cuarter of 6?2

A Yes, sir.
Tow, vou nentioned that the 6-32 1is drilling in the

northeast cuarter of Section 327

0 Presumabhlv uron completion of that well as a producer,
vou would extend the oroiject area. And what is the status of

this I-¢ in the csoutheast auarter of Scction 67

e

Sir, if I micht make a comment on the pessibility of
adding the G-32. 1If, of course, we fird that the G-32 on
comnletion to te a commercial well, and in the same fault klock
as these others, we would as% for it to be extended.

Now, we are in the real steeply divvino vart of the
formation at that reoint, and it is our present thinkina that
trig well, 1f it develons {0 bhe a commercial vroducer, will

nrokanhly ke in a different fault Block trhan either of the



0 Thaere i= a transitional zone between the rim hlock and

the hasin block?

Y Yes, sir. I believe this for the reason that as we
examine the pressure coefficient of the wells in the rim llock
now, and the fact that we have found a substantial gas cap, we
can then back un our calculations to a total volume of o0il and
total area, and that point I feel it unlikely the area will be
large enough to include the G-32. We don't know this, but this
is our thought.

0 What is the status of the I-6?

A I-6 is about to be nlugged. We have drilled the well,
set pipe, fracked it, and oroduced rart of the fracked oil baczk.
I doubt we will recover all of the fracked oil hefore we plug it.
I-6 is definitely in the area of noncommunication with either

the rim klock or the rasin bhlock.

0 That is where those rocks are tent and very tight, I
auess?
A Ves, sir, brobablv faulted.

MR, NUTTFER: I belicve that is all I have. Does
anvone have anv cuestions of My, Greer in this case?

YR, COOLEY: T have somethino additional.
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REDTRICT TXAM IRATION
BY ™R, COOLLY:
0 Mr. Crecr; vou have submitted to the Commission logs
on both provosed injection wells, have vou not?
A Ves, sir.
) I hand vou what has been marked as Ixhibit Number 4

in Case 4074, and ask you to identify this, please?
A Ves, sir, this is the well in which we propose to

inject qas.

o] That beina--
A The N-31.
0 I hand vou what has been marked as Exhibit Number 5 in
Case 4074, and ask vou to identifv it, rlease?
ht It is a log of the P-31 well, which we provose to
inject water in.
MR, COOLEY: Mr, Examiner, Applicant offers into
evidence Fxhibits 1 throuagh 5, inclusive.
MR, NUTTER: P2pplicant's lxhibits 1 through 5,in
Case No. 4074 will he admitted in evidence.
(Whereupon, Anplicant's ¥FExhibits
umbere 1, 2. 3, 4, 5, inclusive,
Case 4074, were admitted in

evidencoe.)

Nocae arvone have anv further cuestions of My, Greeor

s s



in this casc? Do vou have anvthina further in this casec,
Mr. Cooley?

MR, COOLEY: No, sir.

Mp, NUTTER: We will proceed with Case 4075.

DIRECT EXAMINATION

BY MR, COOLEY:

0 Mr. Greer, has the 0il Conservation Commission already

approved as to form the ILa Plata-Mancos Unit Agreement?

h Yes, sir.

o Fas the operator of that unit heen Renson-lontin-GCreer?
A Yes, sir.

O Yave vou had occasion, Mr. Greer, to consider minor

changes as to the form of that acresment?

A Yes, sir.
0 What varticular vnortions of the La Plata-Mancos Unit

Acreement do vou rropose now to amend?

A e wounld like to amend mnages 15, 16, 17, and 18 for
the purvose of mermittina lands to be added to a marticirating
area which are necessarv for unit orerations, lands which not
necessarilv are establisied to be commerciallv productive.

o For what reason would it be justifiable to include
such lands within a narticiratince arcea?

4

Tar tho reason, as oo Sust revioewod in bho rreceding

e




we vould 1ite to add a gas wvell

case,
area in order to inject aas inte it.
noncommercial well.
producer. According
oricinally approved,

only lands which

can be added to a particimating area.

[s¢]

{41

to the narticipatina

As a gas well, it is a

Tt is also a noncommercial well as an oil

to the terms of the unit agreement as

are commerciallv productive

‘Tthis would permit lands

to be added to a marticipating area which are necessary to unit
overations.

0 Por further prroduction of that well as a cgas well, it

would have an extremelv adverse effect on the oil recovery from
the vool?

A Yes, sir. Wells producina from a structural rosition,

the same as the N-31, would nrobably vnroduce a little bhit of

oil, but the amount of aas to he produced with it would so
devlete the reservoir pressure as to seriously affect the
vltimate recovery, so these wells are wells in that category

and should not be nroduced. »2rccordinagly, lands of this category

should not have wells drilled on them, hut there are some gas

anéd some 0il that can he recovered from them from the downdip

cem ¥V~
VIO L e

. Peecordinagly, thev need to 2e added a varticipatine areca,

aqiver some failr ecuitv, and handled in this fashion.

0 T hand vou vhat Fas rYeen marked as Fxhibhit YMurmher 1

a oxlain thoe ey

in thie case, ana asl” vou to




exhibhit?

A This exhibit shows rages 15, 16, 17, and 18 as they
avpeared in the criaginal unit agreement which the Commission has
alreadv ruled on. Shown in red on these vages are the chanages
necessarv to put the unit agreement in the form which we require
in order that lands necessarv for unit operations can be added to
participating areas.

The United States Geological Survey has approved as
to form these charcges as shown here. The State Land Office has
also approved them.,

0 In vour opinion, Mr. Greer, will the nroposed changes
in this unit acgreement tend to prevent waste and vraotect
correlative rights within the unit?

.\ Yes, sir.

MR, COOLEY: No further guestiors.

{(““hercuvon, Apnlicant's Ixhibit
Mumber 1, Case 4075, was marked
for identification.)

MR, NUTTER: Does anvone have anv cuestions regarding
this case? Mr. Greexr mav he excused.

Mr. Ceolev, do veu have arvthinag to sav with resrect to
the three casces?

] v

YR COCLYY s Mhanlh vou for the offer, 'r. I xaminoer. T

5

thinh wo nave atton oculte onouah time of Lhe Commigsion, and the
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transcrint will sneak for itself.
MR, NUPTIR: Does anvone have anvthing thev wish to ‘
;%
offer in these three cases? Ve vill take the cases under H
.
advisement, and call Case Mo. 4065,
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CASE 4054: Applicavicn f s -:2zada BPevoslaom Covprrzticon for an un:vthed w
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CASE 4055: Application of Albert Gackle for salt water dispcsal, Lea
County, New Mexico. Applicant, in the above-styled cause,
seeks authority to dispose of produced salt water into the
Seven Rivers formation in the open-hole interval from
approximately 3290 feet to 3620 feet in his George Etz Well
No. 3 located in Unit N of Section 27, Township 23 South,
Range 36 East, Jalmat Pool, Lea County, New Mexico.

CASE 4056: Application of Albert Gackle for salt water disposal, Lea
County, New Mexico. 2applicant, in the above-styled cause,
seeks auvthority to dispose of produced salt water into the
Lower Quden formation in the perforated interval from
approximately 3642 feet to 3699 feet in his Sinclair "A" State
Well No. 5 located in Unit I of Section 23, Township 23 South,
Range 36 East, Langlie-Mattix Pool, Lea County, New Maxico,

CASE 4057: Application of Charles B. Read for special pocl rules, Lea
County, New Mexico, Applicant, in the above-styled cause,
seeks the promulgation of special rules for the Quail-Queen
Pool, Lea County, New Mexico, including a provision for
80-acre spacing and proration units.

CASE 4058: Application of Hiram W. Keith and Dalton Haines fcr salt water
disposal, Lea County, lew Mexico. Applicants, in the above-
styled cause, seek authority to dispose of produced salt water
into the Seven Rivers formation in the open-hole interval from
approximately 3874 feet to 3951 feet in their State Well No. 2
located in Unit K of Section 16, Townhship 21 South, Range 34
East, West Wilson Pool, Lea County, New Maxico.

CASE 4059: Application of Hiram W. Keith and Dalton Haines for salt water
disposal, Eddy County, New Mexico. Applicants,; in the sbove-
styled cause, seek authority to dispose of produced salt waterv
into the Delaware formation in the open-hole interval £:zom
approximately 4030 feet to 4158 feet in their Eddy "AGA" State
Well No. 2 located 660 feet from the North line and 1650 feet
from the West line of Ses~tion 36, Township 26 Scuth, Ringe 31
East, North Mason-Delaware Pool, Eddy County, New Mex:iuo.

CASE 4060: Application of Sidney Lanier for salt water dispos3al, len
County, New Mexico, Applicant, in the 3abcve-styled Tause,
seeks authority to dispose of prcduced salt water intc the
Yates~Seven Rivers formations in the open-holz intervzl from
approximately 2402 feet to 3650 feet in his T. B. uJugg "A"
Well No. 5 lccated in Unit 7 of Section 35, Township 24 Souttr.,
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{Case 4060 continued)

Examiner Hearing Docket No. 6-69
February 26,

1969

CASE 4062:

CASE_4063:

CASE 4064:

CASE 40651

Range 36 East, Jalmat Yates~Seven Rfivers Pool, Lea
County, New Mexico.

Application of Millard Deck 0Oil Company for salt water disposal,
Lea County, New Mexico. Applicant, in the above-styled cause,
seeks authority to dispose of produced salt water into the
Seven Rivers and Queen formations in the open-hole interval
from approximately 3752 feet to 3872 feet in its Atha Well No.

1 located in Unit M of Section 31, Township 21 South, Range 36
Bast, South Bunice Pool, Lea County, New Mexico.

_Application of Kersey & Company for salt water disposal, Eddy

County, New Mexico. Applicant, in the above-styled cause,
seeks authority to dispose of produced salt water into the
Queen formation in the perforated interval from approximately
1835 feet to 1870 feet in the Bass Well No. 3 located in Unit

F of Section 12, Township 19 South, Range 28 East, East Millman
Queen-Graybury Pool, Eddy County, New Mexico.

Application of Kerr-McGee Corporation for the creation of a new
gas pool and special pool rules, Eddy County, New Mexico.
Applicant, in the above-styled cause, seeks the creation of a
new pool for the production of gas from the Morrow formation

by its Nix Well No. 1 located in Unit L of Section 11, Town-
ship 19 South, Range 26 East, Eddy County, New Mexico, and for
the promulgation of special pool rules therefor, including a
provision for 640-acre spacing.

Application of Atlantic Richfield Company for salt water
disposal, Rcosevelt County, New Mexico. Applicant, in the
above-styled cause, seeks authority to dispose of produced

salt water into the San Andres formation in the perforated
interval from approximaely 4207 feet to 426 feet in its Tucker
Well No. 4 iocated in Unit O of Section 23, Township 7 South,
Range 32 East, Chaveroo-San A,dres Pool, Roosevelt County,

New Mexico.

Application of Humble 0il & Refining Company for an unorthodox
0il well location and reclassification of a water well to an
0il well, Lea County, New Mexico. Applicant, in the above-
styled cavse, seeks to have its New Mexico State "S" Water
Source Well No. 4 {(CP-427), located at an unorthodox o©il well
location 650 feet from the West line and 175 feet from the
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South line of Sedticen 2, Township 22 South, Range

37 East, lea County, New Mexi .., re:lisu.:fiad 4is an
0il well for the producticn of ©1l an undesignauvcd San
Andres 0il Pool and authcrity te produce same as 3n oil
well,

CASE 4066: Application of Humble Cil & Refining Company for the
consolidation of twoe non-standard gas proraticn units, Lea
County, New Ms=xico., Appli~cant, in the above-styled cause,
seeks the consolidation of two existing non-standard 320-
acre gas prcration units into one standard 640-acre unit
comprising all of Section 26, Township 21 South, Range 36
Bast, Eumont Gas Pocl, Lea Ccunty, New Mexico, to be
dedicated to its New Mexi ‘> State "G" Wells Nos. 2 and 4
located in Units P and G, respectively, of said Sacticn 26,
Appli.sant further sezks authority to produce the >llowable

. assigned tec said unit from either of said wells in any

[y

/// propoertion,

CASE 4067: Application of Benscn-Montin-Greer Drilling Corporation for
special pool rules, San Tuin County, New Mexiuo, Applicant,
in the above-styled cause, seeks the promulgation of special

~. pool rules for the La Pliati-Giallup Pool, San Juvan County,
New Mexico, including a provision for l60-acre spa:ing and
proration units., AppliZant further requests that said
special rules provide that the unit allowable for 1 l60-acre
unit in said pool be alicuiated on the basis of four times the
normal unit allowable for Northwest New Mexiaoe, and that ne
credit be given for depth fastors. Applicant further reguests
that said spesi=i ruales be limitad in their application to tha
extaricr boundssizs £ the !.. Plata-Man:os Unit Aread,

CASE 4068: Application of Marvtin Yates 11 for salt water disp =al, Eddy
County, New Mex1 :, Applisant, in th= above-styied .:fause,
seeks wuthority to disprsz of produced sait water 1nuo the
Delaware formation in its Vatee & Hanson Modoxd Well Noeo L
located in Urit E <f Se2.vicn 22, Township 25 South, Range ‘20
East, Dark Canyon rield, Bddy {cunty, MNew Mexiuao, Applizant

furzther seaks 5 poo2duss whasleby 1us Cordile king Well Ne, ¢
leesated in Unit ¥ o9 said Secticn 22 may be spproved for the
di<posal of :o.lu wates without the reguirement. f nowl te ard

hearing.,
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CASE 4045: {(Continued from the February 5, 1969 Examiner Hearing)
Application of H & S 0il Company for an amendment to Order

No. R-3357, as amended by Order No. R-3357-A, Eddy County,
New Mexico. Applicant, in the above-styled cause, seeks

the amendment of Order No. R-3357, as amended by Order No.
R-3357-A, which order authorized the R & S West Artesia Unit
Unit Waterflood Project. Applicant propcses to substitute

the Roach Drilling Company-Leonard Well No. 18 located in
Unit D of Section 17 as a water injection well in said project
in lieuof the Cities Service-Mell Well No. 17 located in Unit
M of Section 8, both in Township 18 South, Range 28 East,
Artesia Pool, Eddy County, New Mexico.

CASE 4069: Application of Union 0il Company of California for the creation
of a new pool, assignment of discovery allowable, and the
promulgation of special pool rules, Lea County, New Mexico.

Applicant, in the above-styled cause, seeks the creation

of a new Devonian oil pool for its Midway State Well No. 1
located in Unit F of Section 12, Township 17 South, Range 36
East, Lea County, New Mexico, and for the assignment of an

oil discovery allowable in the amount of approximately 57,380
barrells to said well. Applicant further seeis the promulgation
of special pool rules for said pool, including a provision for
80-acre proration units.

CASE 4070: Application of C. E. LaRue and B. N, Muncy, Jr., for salt
water disposal, Lea County, New Mexico. Applicants, in the
above-styled cause, seek authority to dispose of produced salt
water into the salt and Yates formations in the open-~-hole
interval from approximately 1254 feet to 3000feet in the La
Rue-Muncy John "B" Well No., 2 located in Unit A of Section 35,
Township 17, South, Range 32, East, Maljamar Grayburg-San Andres
Pocl, Lea County, New Mexico.
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BENSON-MONTIN-GREER DRILLING CORP,

EXHIBITS IN CASE NO. 40567
BEFORE THE

NEW MEXICO OIL CONSERVATION
COMMISSION

March §, 1969
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Company. DLiUS00=N0HTIN-CmE L L Vormution, . CALLUP .. File.. .. _FP=3=2306
. . - 2
wWell o JA DI NTE ANEDS UNIT N0, 1(0*31) or '])l o DIvyLuD ’j" . Date Keport. [‘_"3] "‘QB et em
. N VY AD
Fied___ LA PLATA (GALLUR). . . Deilling Fluid CEUYL OTIL . . Analysts_GALEO2
County_,_S'\N JUAN . _ . State NEW M2X, | Elev., Lo.g'u s Location., £20QVE3Y SJO'“ SEC_3A-T32W-RA3
Litholoyical Abbroeviations
SAND 3D COLOMITE . OOL ANKFYTONITE - ARMY TANDY .30V LELY SN AN Cav l'lll.“‘l XEN BROWN-BEN FRACTURED .FRAC IL‘GN"L'~.L/
SNALE-3M CnEaY.CH CONGLOMInAY L . $ONG ALY . BnY [ ESRE Sy ) Ba) CHALN  Cw ORAY .0V LAMINAYION-LAM V‘ﬂ\’-./
AIME - QYPSUM -GYP FOSLILIPESOLUS -FOAS AAMYy - LmYy COArSE . CHE QRaNUlAN. C.(L VUG-‘V A 134 BYIYLOLLYIC -SYY Nl"--w/
\ = Ty T T -{“.‘SIDULL LAT L' l’lul : o TTToTTTT T T
SAMMLE ‘I DEPTM PERMEADPILIYY ’OROSIYV, ' N Cl NT )’-) . ! SAMPLE DESCRIPTION
Numoesx | rceT MIL,JOAIC\‘S leca C(m" o i :o:;g: ; AND REMARKS

Nore: A e / ~_w< VS LASIETe < TRar KDSTOTAIS
(CO unTIOA L hAc\LfSID) / o Cff::-:/:'(_"d.»’_‘.?:f‘?" /_/_// ’ W/ ,‘-—"J/"}
£ .c:' T LeTGT SIS P

g ‘__,
1 2868.0-69.0 0.06 8.5 550" Lo Con By 4imm ok STy
2 73.0-7L.0 0.03 6.8 L8.L 36.7 S, B, V/Fn Grn, S1/51ty
3 78.0~79.0 0,01 9.1  L6.2 37.3 Sh, Bl, V/Fn Grn, S1/51ty
b 83.0-84.0 0.13 8., 15.2 k2.8 Sk, Bl, V/Fn Gra, S1/51ty
s 88.0-£9.0 0.04 8.6 Li.8 k6.5 sh, Bl,'V/Fn Grn, Sl/Slty
6 93.0-¢L.0 0.33 9.2 12,8  L3.6 Sh, Bl, V/#n Grn, S1/5lty
7 98.0-99.0 0.03 6.9 L13.8 k6.1 Sh, Bl, V/Fn Grn, 81/87*"
. § 2903.0-04.0 0.33 9.0 k1.1 L4,8.7 Sh, Bl, V/Fn Grn, //Strks of Luy Slt
9 08.0-C%.0 0.01 9.2 52.1 36,9 sh, Bl, V/fn Grn, VWW/Strks of Lry Slt
-1 13,0-14,0 0.01 5.8 k.9 35,2 84, Vn, Fn Grn, VW/Sh Stris
11 1L.0-15.0 0.01 8.0 L7.5  L0.0 Sh, Bl, V/Fn Grn, ;/L  S1t Strks
12 18.0-19.0 0.02 8.0 1.2 1.2 Sh, Bl, V/Fn Gra, li/Lmy S1t Strks
=13 23.0-2k.0 0.02 8.0 5.0 L0.0 Sh, El, V/Fn Grn, w/my S1t Strks
1k 27.0-26.0 0.01 7.9 35.D $3.1 Sh, Bl, V/Fn Gra
I 14 33.0-34.0 0.01 8.2 15.2 L5.2 Sh, Bl, V/Fn Gra, W/Lmy S1t Strks
- 16 38.0-39.0 0.12 9.7 L8.5 k.3 Sh, Bl, V/Fn Gr
17 1i3.0-k4.0 0.02 8.L 38.1 ch.8 Sh, B, V/Fn Grn
t 18 48.0-19.0 0.02 7.3 38.L sk.? Sh, Bl, V/Fn Gra
.19 50.0-51.0 0.86 5.8 L48.2 k1.3 8¢, Vh, Fn uérn, Lmy, W/Sh Stris
20 55.0-56.0 0.02 7.0 LL.3 1.y sd, th, Fn G, Luy, W/Sh Strks
21 60.0-61,0 0.08 7.8 51.2  Ll1.0 Sh, Bl, V/fn Cra
22 65.0-66.0 0.12 6L 1h 75.0 Sh, Bl, V/Fn Gra
23 70.0-71.0 <0.01 5.9 1.9  74.5 Sh, Bl, V/Fn Gra, Sliy
2k 75.0-76.0 0.3h 6L 10.9 81.3 Sh, Bl, V/Fn Grn, Sity
25 80.7-81.0 0.51 6.8  10.3 79.3  Sh, B, V/#n Gra, ¥/Luy S1t Sirks
26 84.0-85.0 0.07 8.9 7.9 61.8 Sh, Bl, V/fn Grn
. 27 $0.0-92.0 0.33 6.6 13.6 77.2 Sh, Bl, Fn Grn, Sndy
28 95.0-96,0 0.01 7.8 6., 77.0 Sh, Bl, Fn Grn, Sndy
29 3000.0-01.0 0.33 7.3 6.8 76.6  Sh, Bl, Fn Grn, Sndy
30 05.0-05.0 0.08 6.9 7.3 €1.2 Sh, 51, Fn Grn, Slity
3 10.0~12,0 0.01 5.9 8.5 78.1  Sh, Bl, ¥n Gra, S1liy
32 15.5-15.0 0,33 6.4 7.8 79.7 Sh, Bl, Fn Gra, Sndy
33 20.0- »-*.O 0.33 6.l 7.8 ?75.0  Sh, B, rn Grn, Sudy
3h 25.0-25, 0.13 6.5 7.7  £0.0 Sh, Bl, Fa Crn, Sity
35 30.C~31.0 0.06 7.0 7.1 £0.0 Sk, Bl, ®n Gra, Slty
36 3%.0-35.0 0.05 6. 18,9 £1.2 Sh, B1, n Gra, Slty

oyt fre?
Scrvice Do~
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. Formation_ _. _QALIYY> oo _. File_ JRP-3-2312
Q.. 6 Core Type. ,‘) LI 3. S“ . Date Rpr‘[ f.2h- \8 e

Field_ 1% 2INTA_(GALLUR) . _ . Drilling Hud C: Y?“ OJT e Analpsts__ GALLOP
County_. SALJUAN. . State NSV MEEL _Elev. £213VK5 Lozation. 6—132” AN, - —
Litholozical Abbreviations
vt an coemron 7" Contouiamircons  mmais v Mt seamsin T e rerivelmton IRt
L‘.-.!_.:_:\,__ —__GVI)DM-OVP 'OillLl’(!OUs-!O“s’ .-—L’IMV LM"‘_‘ —‘COAui( LR T4 GUANULARN -LRNL YWESY -NGY SYTMLOLLYIC -8V Y NIYN-\A'/
SAMPLE i DEPTH ’ PERMEADBILEITY iPOPOSI‘KYl “%sl:o:ACLLS\AT.“;.;;;‘_U_: i SAMPLE DESCRIPTION
NUMD:R; reey | MILL ;‘:ARCYS IPER CENT' oL ! ;[vc:::: AND REMARKS
(Note: 2dd 9' to below listed cora denths
to correspond to depths on Schlux~
(CONVENTIONAL ANALYSIS) berger loz rua 8-29-53.)
1 3995.0-95.0 0.29 8.3  L2.,2 L6,9 sh, B, V/“n Grn, /Ly S1t Strks, Frac
2 97.0-98.0 0.11 9.0 L1, k2.2 sh, Bl, Slty, V/fa Grn, Frac
3 99.0-5.0 0.10 9.6 .5 LB.9 8n, Bl, V/fn Grn, ¥/Lmy Slt Strks, Frac
L L0O91L.0-02.0 0.32 8.7 x.3 13.7 Sh, Bl, V/fn Grn, /Loy Slt Strks, Frac
S 03.0-00:.2 0,22 9,2 38,0 L6.7 Sh, Bl, V/Fa Gra, Slty, Frac
6 05.0-05.0 0.07 8.6  39.5 51,2 Sh, Bl, V/fn Grn, Sliy, Frac
7 07.0-08.0 0.16 9.1 37.L 50.6 sh, B, V/Fn Cra, Slty, Frac
8 09.0-10.0 0.06 9.1 3%.5 52,7 Sh, Bl, V/Fn Grn, Sliy, rac
9 11.0-12.0 0.32 9.,  Le.6 13,9 sh, Bl, V/Fn Gra, Sliy, Frac
10 13.C-14.0 0.99 8.5  37.7 Sk.1 sn, B1, V/Fn Grn, Siiy, Frac
11 15.0-16.0 0.02 8.0 k8.7 hi.2 sh, Bl, V/Fa Grn, ¥/Lmy S1t Stils, TFrac
12 17.0-18.0 0.02 7.5  52.0 356.0 Sh, Bl, V/Fn Grn, “/Lmy Slt Strics, Frac
13 29.0-20.0 0.06 7.5 b1.3 L9.3  Sh, Bl, V/Fa Gra, V/Lmy Slt Strks, Frac
1l 21,0-22.0 0.19 7.1 8.2 k1.2 sh, Bi, V/Fn Grn, VW/Lny S1t Stris, Frac
1 23.6-2L.0 0.11 7.9 W,2 4.2 sh, Bl, V/Fn Gra, v/Lry S1t Strks, Frac
16 25.0-26.0 0.08 7.5 38,6 k9.3 Sh, Bl, V/Fn Grn, %/Lzy S1t Stris, Frac
17 27.0-28.0 0.02 7.9 37.9 50.6 Sh, Bl, V/Fn Grn, W/Lny S1t Strks, Frac
13 29.0~30.0 0.11 8.5 33.7 5L4L.6 sh, Bl, V/fn Gra, Vi/Lny S1t Sirks, Frac
19 31,0-32,0 1.70 8.9 3.3 52.7 8h, Bl, V/Fn Gra, Sliv, Frac
20 33.0-34.0 0.07 7.9 35.7 57.0 Sh, Bl, V/Fn Grn, Sliy, Frac
21 35.0-35.0 0.1k 6.6 x9.3 37.7 Sh, Bl, V/#n Grn, Vi/imy S1t Strks, Frac
22 37.0-28.0 0.10 7.9 1.8 39.2 sh, Bl, V/#n Grn, Sliy, Frac
23 39.0-L0.0 .07 7.0 Lho3 h7.2  sh, Bl, V/Fn Gra, Slty, Frac
3l hi.c-l2.0 0.06 7.5 41.8 52.7 Sh, Bl, V/fa Gra, W/Lny SLbt Surks, Frac
25 ii3.0-Lk.0 0.01 1.3 39.7 50.7 Sh, Bl, V/fn CGmy, 3i/Lvy St Stris, Frac
25 15.0-L6.0 0.13 7.0 Mh.2 L7.2  sh, Bl, V/fn Gri, Sliy, Frec
27 L7.0-L6,0 0.02 7.0  L0.0 k5.7 sh, Bi, V/Fn Grn, Slty, Fro
28 Lg. 0-50.0 0.03 7.0 . k7.2 Sh, 31, V/fn Grn, W/Lmy St Striks, Frac
29 z \.0—52 O 0.01 7.L 0.6 51.3  Sh, Bl, V/fa Cra, Slty, Frac
30 g3.0-5! 0.03 8.1 38.3 35.& sh, Bl, V/Fn Grn, viflny 81t Strks, Frac
31 55.0*56.0 0.06 6.8 30,9 &.7 Sh, Bl, V/ra Cra, W/Luy Sit Siriks, Frac
32 57.6-28.0 0.09 6.3 3.8 55,8 Sk, T1, V/Fn Gro, 51Vy, Srac
33 59,0-42.0 0.01 6.5 7.2 61,5 5h, BL, V/in Grn, Sliy, irac
3L 61.o~52.0 2.0 7.2 10,2 k5.9 sh, pl, V/¥n Grn, Sity, Frac
35 63.0-%L.0 [:.8 6,7 31.3 Zi.2 3n, v, V/in Gra, W/1my 815 Sirks, Frac
35 65.0-45,0 0.83 7.2 27.7 63.0 3k, Bl, V/¥n Gra, S)iy, Frac
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V/*n
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V/fn
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V/Fn
v/in
V/fn
V/fn
V/?n
V/*n
V/fn
V/ia
V/n

V/7n
V/Fu
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V/2a
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Gra,
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Gray,
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n Grny
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Vi/lay S1% Strks,
V/Lzy St Sirks,
/Ly S1v Surlis, I'r
VifLay 82¢ Strks, ©

v
vl >yt -
v/ Luy St Strks, Frac

Sity, n:‘oc
S1t CYy Frac

Wi/Luy Slty Strks
7/Luy S1t Sirks,
/IMy Sit Sirks,

S/I'y S1t Strks

S/Lay Slt Str‘.{s, f‘

WLy Sit Sirks,
Sity, Frac

Vi/Lay S1t Strks, ¥
W/imy St Strks,

Slvy, Trac

Slty, Frac

Sity, Frac

/iy 81t Sirks,
Sit ¥ Irac

V/iny Sit Sirks,
"I/T wy Sliy Sirks,
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SAND - 8D DOLOMLIYL-COL ANKYLAPTE-ANHY SAXNTY -3 w PINKE-FN CHRVSTALLINE . RL™N BROWN-CAN PRACTLAED - FRAC ‘LIGN'L\’-FL.’
[ TF 38 O ¥ CRERY . CH CONGLOMERATL . CO NG SHhALY . 5KHY MEDLM - MED D N - N GRNAY QY LAMINATION - LAM \KN'.\/
[SY) NN ) GYPLLM . GY P POSAILIFA RIUS - FOLS LiMY - LMY CLramsE-C . E G CANULCAR.QANL A2VE-TV) IO NS 4 C‘VLOLIIIC LIY Nth-w/

! i T T 3 I RELIDUAL SATURATION ’

sampce ! DEPY K PERMEADILITY r,mcmn\ ___PUr CCNY POTE ! SAMPLE DESCRIPTION
MILLIDAKCYS - Y : .

M Numiia FEEY r-._a cu\' oL TOTAL AND REMARKS

o 5 ) J'\EA L _WATER

(COIWEITIONAL ANALYSIS)

ih o L210.0-21.0 0.09 . L8.2 L. Sh, Bl, V/Fn Grn, \i//Lzy S1t Strls, Frac
75 12,0-13.0 .01 . 50.7 L2, Sh, BY, V/Fa Grn, W/Lmy St Sirks, Frac
16 14.0-15.0 .06 . L0.7 L3. Sh, Bl, V/Fn Gra, Slty, Frac

= 77 16.0-17.0 .02 . 5.7 45.7 Sh, B, V/f Gra, Slty, Frec

2 13.2-19,0

e

Sh, BY, V/tn Gra, V/Lny

0 8.5 2
<0.0 6.9 12,0
0.0 8.1 5.0
0.0 8.3 15.7
2.5 7.9 39.2 Uh.3 81t Sirks, Frac
9 20.0-21,0 1.8 5.0 h3,3 51.2  Sh, b1, V/fn Grn, W/Iuy Sit Strks, Frac
- £ 22,0-23.0 0.17 7.3 L8.6 k1.1 Sh, B, Y/ n CGra, W/Luy Sit Strks, Frae
81 2h.0-25.0 0.10 6.5  19.1 L0.0 Sh, BY, V/in Gra, Sliy, Frac
8 25.0-27.0 0.10 7.0 55.& 3.0 Sh, 31, V/fa Gra, Slty, Frac
83 £.0-29.0 0.02 7.5 50.7 37.3 Sh, 51, V/¥n Gra, %/iny S1o Stris, Frac
£h 30.0-31,0 8.3 6.5 L5.); 39, Sh, B, V/fn Gra, N/fzy Sit Stids, Frac
25 32.0-33.0 0.37 6.5 47,7 L1.6  Sh, Bl, V/Fn Grn, W/Lzy S1¢ Strks, Frs
-85 3L.C-33. o 0.10 7.3 35.56 k5.2  Sh, Bl, V/Fn Grn, VW/iny Sit Sirks, Frac
& . 36.0-31.0 0.0% 6.3 33.3 L9.2 Sh, B, V/Pn CGrn, %/Lny S1t Sivks, Trac
63 38.0~39.0 0.02 6.0 35.C-- 45.0  Snh, 31, V/fn CGrn, W/Luy S1t Stris, Fric
. &9 Lo.0-11.0 0.02 7.9 35.L 42,9  Sh, Bl, V/¥%n CGrn, V/Lmy 51t Strks, Frac
90 L2.0-13.0 0.0L 7.0 Lo.c k8.6 Sh, Bl, V/Fn Grn, Sliy, Fra
91 Lh.C-h3.0 0,01 6.8 17.6 é6.2 Sh, Bl, V/fn Grn, Slty, Frac
o2 L46.0-47,0 0.83 8.2 36,5 46,3 Sk, B, V/Fn Grn, V7/Luy S1t Sirks, Frac
93  148.0-%9.0 0.19 6.2  33.8 L83 Sn, Bl, V/fn Gra, Sy, Frac
2 £0.0~51,0 0.02 6.6 k2,3 39.L  Sh, Bl, V/Fn Grn, Slty, Frac
95 52.0~53.0 0.20 6.2 £0.0 35.5 Sh, BY, V/Fn Grn, 3/Lny S1t Sirks, Frac
95 5k.0-55.0 0.06 7.1 43.6 3.4 Sh, Bl, V/fa Gra, ¥W/lmy S1t Sirks, Frac
97 55.0-57.0 0.33 7.0 Ll.h Ll Shy, Bl, V/fn Grn, V/Lny ®1t Sirks, Frac
93 8.0-59.0 0.17 6.7 3.3 L0.2 Sn, Bl, V/fn Gra, w/Lny S51% Stris, Trac
99 €0.0-61.0 0.01 7.6 36,2 LO.7  Sh, B, v/ Grn, W/Lmy 338 Sirks, Frac
250 62.0-63.0 0.01 6.7 9.2 32,8 Sh, B, V/fn Grn, Slty, Frac
101 &h.0-85.0 2.3 5.7 49.1 35,3 S, Bl, V/on CGrn, W/Luy Sit Strks, Fric
202 €5,0-567,0 0.17 7.h Lhoé LL.&  sh, 31, V/Fn Gen, VW/iuy S4 Strlks, Frac
123 63.,0-29.0 0.07 6.2 0.0 35,5  Sh, Bl; VA Gra, «/Luy 51t Surks, Frac
13& 70.C~71.0 0.19 6.3 52.3 3L.¢ Sk 31, V/7n & W/Luy St Strks, Frac
205 72.0-73.0 12 6.6 L5 e : Ly, rac
105 74:.C=75.0 0.21 &l LZes 28.7 Frac
07 76.0-77.0 0.1} 8.1 50.8 39.3 Siv S
208 78.0-79.0 G, &5 5.0 16,5 37.9 " 8% 8
135 £0,0-52,0 ¢.01 7.0 57 L 3L, Frac
10 {(?.0-03.90 <0.01 5.6 39.2 L5.2 Si% Trac
ot ShLe=85.0 3,0 6.3 39.7 L5.0 51t Srac
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BHALT-IM CHRERT -CH CONGLOWMERATE - CONC SHALY - AMY HMED. UM . MED GRAIN-GRN QRAY.CY AAMIRNATICN - LAM NEF XYY
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-« - H MILLIDARCYS : cEnt! TOTAL ! AND REMARKS
iare R cEN
NuMELR ] reey Ka JPERCERY ] on. i watee

(CONVENTIONAL ANNLYSIS)
h286.0-£7.0 0.02
£€5.0-89.0 0.33
90.0-91.0 .01
92, 0-93.0 0,01
9):,0~95.0 0.50
95,0-97.0 3.3
- 118 9L.0-99.0 0.02

s
S

Sh, Bl, V/Fn Grn,
Sh, Bl, V/fn Gra,
Sh, Bl, V/Fn Gra, ; A
Sh, Bl, V/fn G, V/iny Sit Strks, Frac
s%, B, V/Fa Grn,
Sh, 51, V/Fn Grn,
Sh, Bl, V/Fn G-g
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119 4365,0-01.0 0.01 13. sh, Bl, V/Fn Grn,
120 02,0-03.0 .01 . 15.6 76, Sh, Bl, V/fn Grn, 51t Stiks
= 121 0);.0-05.0 0.50 . 10,0 8..0 Su, 31, V/Fn Gra, v 81t Surls
122 056.0-07.0 <0.01 . 10.0 76.0 Sh, Bl, V/Fn Grn, ¥ S1t Striks
123 08.0-39.0 . . 'y V/™n Gro, s S1t Strys
1z 10.0-11.0 . . 73.3 Sn, B, V/Fn Gm, 81t Surks
125 12.0-13.0 . . .9 75.2 sh, Bl, V/Fn Grn, v Sit Sirls
125 1h.0-15.0 . o .3 81..5 Sh, Bl, V/#n Gra, v S1% Strks
12? 16.0"17-0 . - . 76.6 S‘ﬂ, Bl, V/Fn Gl‘n, Sit Stx“\s

128 18,0-19.0 6$.9  Sh, B, V/Fa Grn,

[y
*

1z 20.0-21.0 . .3 7.0 Sh, Bl, V/Fn Gra, \’/dtv vi/iry St Strks
120 22,0-23.0 . .7 T70.1 Sh, 21, V/n Gra, \I/Dluj, v/iny St Strks
131 2L.0-25.0 . 10.9 T71.7 Sh, Bl, ¥/Fn Gra, V/31y, V./iny S1t Siris

. »

.
CON OO WO L

.32 26,0-27.0
133 28.0-29.0
3L 30,0-31.0

7.1 Sa, B, V/¥n Gra, V/81ty, */iuy Sit Siris
77.3  Sh, 31, V/en Gen, V/3Mty, W/ixy St Strks
§2,L, sh, By, V/in Gra, V/S1ty

.
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SAND . XD HOLOMIYL . DOL ANHIURITE - ANNY BANDY.4DY PINE-PH CRYSTALLINE DA N BEDWN BRI FRAACTUNED -FRAC ILIGH‘LV~IL/
PHALR - % CHERT (T CORALOMERATE . CONG BHALY .ShY MEDIUM . LD QAAIN-GHN QRAY -GV LAMINAYICN - LAM veny.v/
LIME L N GYFEUM. QY POSSILIIEAOUS - PO KIMY. LY Loansr.csr QRAMULAK -GRNL YUGAY . VOY S1¥LOLITIC.ATY with-w/
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SAMPMLE PEPIN PERMEABILITY POROSITY| PLR CENT BORD SAMPLE DESCRIPTION
MILLJDARCYS T T T -
NUMEBER ¥ : TOYAL AND REMARKS
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CNogs s OFpPLCT 2R LNy QLA LIS PE OL R
T2 Kl ReTEN I LA FT SISz
(CONVENTIONAL ANALYSYS) oo pimmim  fOtofin SEF -2 =i

1 5075.0-76.0 0.03 .8 12, 75.8  Sh, Bl, V/Fa Grn, V/Lmy Slt Strks, Frac
2 77.0-78.Q 0.30 . 13, 64.9 Sh, Bl, V/Fu Grn, V/Lny S1t Strks, Frac
3 79.0-80.0 0.38 . . 67.8 sh, Bl, V/Fu Grn, \//Lmy S1t Strks, Frac
L £1.0-62.0 65 . 11, 75.5  Sh, Bl, V/in Grn, Slity, Frac

5 83.0-8L.0 . . . 71.5  Sh, Bl, V/¥a Gra, ¥/Luy Slt Sirks, Frac
6 85.0-86.0 . . . 75.5  Sh, Bl, V/¥n Grn, V/Luy S1t Striks, Frac
7 §7.0-88.0 . . 80.0 Sh, Bl, V/Fn Grn, ¥/Lmy St Strks, Frac
8 89.0-90.0 . . 85.4 Sn, Bl, V/Fn Grn, Slty, Frac

9 91,0-92.0
10 93.0-94.0
1] 95,0-96.0
12 97.0-98.0
13  50%9.0-00.0
1y 5101.0-02.0
16 05.0-06.0
17 07.0-08.0

68.6 Sh, Bl, V/Fn Grn, Sity, Frac
71.7 Sh, Bl, V/Fn Grn, Sity, Frac
70.7 Sh, Bl, V/Fn Grn, Slty, Frac
59.7 Sh, Bl, V/Fn Grn, Vi/Lmy S1t Strks, Frac
L6.9 sh, Bl, V/Fn Grn, Vi/Lmy S1t Strks, Frac
43.5 Sh, Bl, V/¥n Gra, Vi/Lny St Strks, Frac
37.7 Sh, Bl, V/Fn Grn, Y/Lwy Slt Strks, Frac
L41.0 Sh, Bl, V/Fn Grn, VW/Lmy S1lt Strks, Frac
L.7 sh, Bl, V/Fn Gra, Sity, Frac
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7
16 09.0-10.0 .03 7.8 51, 35.9 Sh, Bl, V/¥n Grn, Slty, Frac
19 11,0-12,0 0.17 6.7 L9, 0.3  Sh, Bl, V/Fn Grn, Slty, Frac
20 13,0-14.0 0.01 7.5 Ul Lk.0  Sh, Bl, V/Fn Gra, Vi/Lmy S1t Strks, Frac
: 21 15.0-16.0 0.03 6.6 53, 30.3 Sh, Bl, V/Fn Grn, Slty, Frac
22 17.0-18.0 0.03 6.6 L8, 36,  Sh, Bl, V/Fa Grn, Slty, Frac
‘ 23 19.0-20.0 0.2l 6.7 LS. 37.3 Sh, Bl, V/Fn Grn, Sty, Frac
24 21.0-22.0 C.22 5.2 L0, 6.2 sn, Bl, V/fn Grn, Slty, Frac
25 23.0-21.0 0.27 5.9 28, $5.9  Sh, Bl, V/fn Grn, Slty, Frac
26 25.0-26.0 0.50 L.S 20, 59.9  Sh, Bl, V/Pn Gra, Slvy, Frac
27 27.0-28.0 0.03 6.1 271. 5¢.3 Sh, Bl, V/Fn Gra, Slty, Frac
28 29.0-20.0 0.6% 6.7 32. L9.2  Sh, Bl, V/Fn Grn, Slty, Frac
29 31.0-32,0 0.03 6.8 27, 57.3 Sh, Bl, V/fn Grn, ¥/Lmy S1t Strks, Frac
30 33.0-3L.0 0.04 6.2 27.h 55,5 Sh, Bl, V/fa Grn, W/Lny St Strks, Frac
ol 25.0-34.0 0.17 5.2 32,7 hh.2 Sh, Bl, V/fa Ora, Vi/Lay St Strks, Frac
32 37.0-36.0 0.17 5.5  25.5 55,3  Oh, B, V/Fn 3rn, Slty, Frac
33 39.0-L0.0 0.7 .9 27.1 64,3 Sh, Bl, V/Fn Gra, Slty, Frac
3k h1.0-52.0 0,13 5.k 38,9 L&.1  Sn, B1, V/Fn Grn, W/Lmy St Strks, Frac
35 L3,0-10.0 0.09 5.6 35,7 k.6 Sm, Bl, V/¥n Gra, Slty, rrac
36 45,0-L6.0 0,02 5.3 39,6 S1.0 Sh, 8, V/Fn Orn, Sliv, Fra
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Share.an i " oniataATE €oND  auaLe.tay Cvanes ammeen T T A iy g
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RAMPLE BEPrPTH PERMEABILIYTY POnOSI‘I’Y “Es;?_::c‘:l:sh:“;::;‘ol_| SAMPLE DUSCRIPTION
NuMBER reet "‘LK;:MRCYS pen “'"i on Torar i ANT REMARKS
{ CONVENTICHAL ANALYSIS)
37 51h7.0-48.0 2.8 6.3 33.3 50.7 sh, Bi, V/Fn Grn, V//Lmy S1t Strks, Frac
38 49.0~50.0 0.0k 6.2 L5.1 35,5 Sh, Bl, V/Fn Gra, V//Lmy S1% Strks, Frac
39 51.0-52,0 0.02 6.3 46,0 3L.9 Sh, Bl, V/fn Grn, Slty, Frac
Lo $3.0-54.0 0.10 5.6 33.9 18,2 Sh, Bl, V/Fn Gra, N/Lzy Slt Strks, Frac
ln 55.0-56.0 0.30 6.9 50.7 39.1 S8h, Bl, V/fn Cra, %i/Lzy S1% Strns, Frac
)2 57.0-58,0 1.30 5.¢ L2y k0.7 sh, Bl, V/Fn Grn, S1ty, Frac
L3 $9.0~€0.0 0.33 6.3 39.7 k2.8 Sh, B, V/Fn Grn, Sity, Frac
kY 61,0-62.0 2.60 6.6 43.9 L0.8 sh, Bl, V/Fn Grn, Slty, Frac
LS 63.0-64.0 0.09% 5.6 L531 37.5 Sh, Bl, V/Fn Gra, Slty, Frac
L6 65.0-66,0 1.30 6.2 50.0 k0.3 Sh, Bl, V/Fn Gra, Slty, Frac
L7 67.0-68.0 0.33 6.3 L46.0  39.7 Sh, Bi, V/Fn Grn, Slty, frac
L8 69.0-70.0 0.50 4.7 3L.0 38,3 Sh, Bl, V/Fn Gra, Sity, Frac
L9 71.0-72.0 0.0l 6.0 45.7 L0.0 Sh, Bl, V/Fn Gra, Slty, Frac
50 73.0-74.0 0.17 7.6 L0.8 L0.8 Sh, Bl, V/Fn Orn, “/Lmy S1t Strks, Frac
o1 75.0-76.0 0.19 5.3 13.2 71.7 Sh, Bl, V/Fn firn, W/Lamy S1t Strks, Frac
52 77.0-78.0 0.31 5.7 5.8 73,6 sh, Bl, V/Fn Gra, W/Lmy S1t Strks, Frac
53 5180.0-81,0 0.21 5.9 15.2 67,8 Sh, Bl, V/Fn Grn, W/Lmy S1t Strks, Frac
5 85.0-86.0 0.02 6.4, 11 71,9 Sh, Bl, V/Fn Grn, Slty, Frac
55 90,0-91.0 0.01 6.2 1.5 7h.2 Sh, Bi, Fn Grn, Slty, Frac
56 95.0-96,0 0.01 5.2 3.8 £.8 sh, Bl, Fn Grn, Slty, Frac
ST 52C0.0-01,0 0.01 L.7 b3 744 Sh, Bl, V/Fa Gra, S,Luy, Trac
58 05.0-05.0 0.02 S.2 3.8 77.0 Sh, Bl, V/Fn Grn, Sliy, Frac
59 10,0-11.0 0.01 4.0 5.0 75.0 £h, Bl, V/Fu Grn, S1by, Frac
60 15.0-16,0 0.0l 4.8 10.L: 6é8.8 snh, Bl, V/Fn Grn, Slty, Frac
61 20.0-21,0 0.32 4.8 10. 73.0 Sh, Bi, V/fn Grn, Slty, Frac
62 25.0-26.0 0.09 k.4 11k 77.2  Sh, Bl, V/Fn Grn, Sity, Frac
63 30.0-31.0 0.01 L.2  11.9 76,2 Sh, Bl, V/Fn Gru, Slty, Frac
64 35,0-36.0 0.01 5.7 3.5 87.8 Sh, Bl, V/Fn Grn, Sity, Frac
Tx s oar 1) Apant s ¢ v
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Lithological Abbreviations
SANTY .Y LR N
BHALY - LnY

SULTYS

CAYSTALLINE-XLN
GHAIN CAM
CHANULAR.GANL

551FSL, 12084540
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BAOW . Bhh
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z2272,0-73.

AL
( CONVEXTION!
2220.0-21.0

22,0-23.0
24.0-25.0
256,0-27.0
28.0-29.0
30.C-31.0
32.0-33.0
34.0-35.0
36.0-37.0
38.0-39.0
ho O-hl 0

*

60 0-
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65,0-
67.0-5
68,06
69.0-7
70.0-7

wt—'\')«xvxwu
L]

2R
$>

OOOOOOOOOOOOOO

(%58
CO
[ O\O\ o\

5
1
8
0
1.

754.0-75.0

“‘dﬁ el 16554' 12)”/
L ANALYSIS) At
W6 50.8
39.7 56.6

1.1 53.8

e * ° ¢ ® 8 ¢ o

L]
. o ¢ ® o e e & e & & o L)
SN OWLI NN DWW

W AR DO N0 W

VO RN DOONND O~ OO

- O ON RO
28 O o

wﬂgo\wOmL—

\
.

[@R VRV Weggle RN B

OCOrHOOMNMOOHOOC

s ® o & @ ¢ o
[N
ot

» ® o & @

138.8
9.8
15.8
51.h
h?‘ 7
sh,2
L9.h
L7.1
50.7
L3.9
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L5.7
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Sa,
Sh,
Sh,
Sh,
Sh,
Sh,
Sh,
Sh,
Sh,
Sh,
Sn,
Sh,
Sh,
Sh,
Sh,
Sh,
Sh,
Sh,
Sh,
Sh,
Sh,
Sh,
Sh,
Sh,
5d,
sd,
34,
S,
Sh,
Sh,

Bl,

El,
Bl,
Bl,
Bl,
31,
5,
Bl,
Bl
B1,
Bl,
Bl,
Rl1,

Bl,

Bl,
Bl,
Bl,
Bl,
Bl1,
Bl,
Bl1,
BI1,

Bl,
Bl,
Gy,
Gy,
Gy,
Bl,
Bl,
81,

V/Fn
V/Fn
V/Fn
V/*n
V/in

, V/Fn

v/
V/Fn
V/Fn
V/“

V,‘n
V/fn

V/fn
V/en
V/Fn
v/fn
v/ n

V/mn

g/*n G

V/Fn
V/mn
V/*n
V/Fn
v /}‘n
V/fn
V/&n
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V/fn Gra, W

Crn,
Grn, |
Gm,
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~o wep .
Uiy, o
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Gra,

Gra,
Grn,
Grn,
Grn,
Grn,
Gm,
Gra, 1V
Grn,

Grn, IV

Grin,

Grn,
Gra, W

Gl'n,
Gra,
ity

Gra,

Gria, I

Gra,

Gra, 1=

Gra,
Gra,
G i s

Ve

w/lay 81t Stris,
v/?n Gra, "/Lmy S1% Stris,

V/fn

Frac
51% Sirks,
S1t Sirks,

v St “trks,
v 51t Strks,
Ty 21t Stirks,
s Frac

Frac
Frac
s Frac
Frac
FI"-’!C

3 Slt Strus,

Frac

vy S1t Strus,
Tils S1t St'i\\‘v,

51+ Siyvus
514 Stryis,
Frac

rrac

Frac
Frac

rsot ~
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o 00

]
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ry vie ng ng e
v

V/Shale Sirks, T
Lzy, %/3h Sirks,
v, w/Sh Sturis,
V/Lay Slt Stris,
Vi/Lnyy S1% Strls,
Sliy, Frac

Frac
Trac
Frac
Frac
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. Formwtion.. OALTALD _ File __ RP=3-2326_

et Y
Company. WEVSON-NONT
l\

iy ““.,'
i . . e L
Wt TA_PIATE MANCOS URIT 1O, L Core Type DIWVOID 3,5"  ___ _ . Date R(-}\ort_loig<§:59._-,.-
. FOOLADA el - v 1 LYY
Field_ LA PLAY ___(_G LLE: )_w__,_.( I‘,3_1}_ _ Deilling Fluild. CRRTE CIL ___ . Asalyss__ GLILO2
L) i Y Yy . 4 . ol ] g ™ o "
County___ Vit SUL _State NS00 2MEX plee . 6113'GL Locntion, 7SA1ESL 1208000, SUC_31-T32-R130
Lithological Abbreviations
SAND. LD DOLEMITC . OOL ANHYCAIYL « 25 MY BANGY .30V LIL S S ] CHYSYALLINL-ALN CROWN -BRN FRACIUALD -PRAC ILIG"’S".l"
SHALKE-8M CHEMT .CH CORGLOMERATE -COANG SHALY -SnY MEL IV Lo CAAIN.CRN GAAY -QY LAMINAY IO~ . LAM V("-V/'
Likg-.L ™M GYPrIUM -GY P POSSILIPF EAOUS - FOSS LIMY c LMY COAL L. €8T BaAUULAR . GANL VUGIY-¥GY BYYLOLITIC - $YY wite.w/
I RESIDUAL SATURATION | T T T T
SAMPLE CEPFrTH PERMEABILIYY POROSITY | PER CENT PORE SAMPLE DESCHIFTION
MiLLIOARCYS N T voral AND REMARKS
HUMIER i FECY kA PER CENRT | [-318 I- WATCR .

v A e

31 2276.0-77.0 0.60 8.9 50.5 37.1 &h, Bl, V/Fn Grn, Slty, Frac

32 7€.0-79.0 0.07 9.2 56.5 36.9 Sh, Bl, V/Fan Grn, Slty, Frac

33 20.0-£1.0 0.02 8.5 52.6  L1.1 Sh, Bl, V/¥n Grn, Sliy, ‘rac

3h 82.0-83.0 0.03 6.h hh. L6.:  Sh, Bl, V/fn Grn, S1lty, Frac

35 8h.0-85.0 0.57 7.2 18,1  69.5 Sh, By, V/¥a ¥, Slty, Frec ‘
36 5,0-87.0 0.14 7.3 9.6 75.3 Sh, Bl, V/Fn Grn, Vi/Lmy S1i Sirks
37 66.0-£9.0 0.01 5.8 (8.6 7.3 Sh, B, V/Fn Grn, /Loy St Sirks
5 90,0-91,0 0.02 7. 6.7 81.0 Sh, Bl, V/Fn Grn, Vi/imy S1i Stris

37 92,0-93.0 0,03 6.6 3,0 77.86  Sh, Bl, V/im Gra, /Luy 1t Stris

LO 95;.0-$5.0 0,11 6.1 3.3 78.7 Sh, Bl, V/Fn Yrn, Slty

L1 96.0-97.0 0.08 5.7 3.5 8. sh, Bl, V/Fn Gm, Sity

Note: To correspond with Schlurberzer log dephhs
Add 91 to interval 2220 to 22L5 fect
Add 8% to interval 2245 to 2270 feot
Add 7' to interval 2270 to 2207 feetl

Thees arsly =5, ¢
HR




BEFORE THE OIL CONSERVATION COMMISSIONM
OF THE STATE OF NEW MEXICO

IN THE MATTER OF THE HEARING
CALLED BY THE OIL CONSERVATION
- COMMISSION OF NEW MEXICO FOR

. THE PURPOSE OF COMSIDERING:

CASE No. 4047
Order No. R=3720
NOMENCLATURE

APPLICATION OF BENSON-MONTIN~GREER
" DRILLING CORPORATION FOR SPECIAL
POCOL RULES, SAN JUAN COUNTY, NEW
MEXICO.

ORDER OF TRE COMMISSION

BY THE COMMISSION:

This cause came on for hearing at 9 a.m. on March 5, 19¢€9,
at Santa Fe, New Mexico, before Examiner Daniel S. Nutter.

NOW, on this__1lst _ day of April, 19¢%, the Commissicn, a
quorum heing present, having considared the testimony, the record,
and thae recommendations of the Examiner, and being {ully advised
in the premises,

FINDS 3

{1) That due public notice naving besn given as reguired Ly

{

law, the Comgigsion has jucisdiction ¢f thieg cause and the subject

mattar therani,

() Tral the apviicornt, Bonoon-Mongioe-Oosan Dritidioe Covee

oration, maghy the Droouloanion ol soaoial Oorded and ool g vhneg
yor thoe Lo Platz-tallup 0310 veol, sSan Juan County, New Moxioo,

nctuding o woovioion fon Jaleaoun apacing AN 2rovanion nuntis,

{3)
cEOvLGs vha Yo undin atiogablio fue o
conl wd allicoated on the baziyy oF tour wimes the normal ani

Alioneabta sovr Hocbhwser Naw Moxdioo, and that no cvedit b sivern
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CABE No. 4C67
Qrder No. R-2720

of the La Plata Mancos Unit Area, but the evidence presently
available indicates that the productive limite of the pool may
be considerably less than the unitized area.

(5) That the subject reservoir is composed of a highly
fractured shale.

(5} That the producing formation in the subiact pool is botu
less than and more than 5000 feet belcw the surface.

{7) That the evidence indicates that one well in the
gubject pool can efficiently and economicaily drain and develop
1¢0 acres.

(8) That in order to prevent the econcmic luss caused by
the drilling of unnecessary wells, to aveid the augnentazion of
risXx arising from the driliing cf an excessive number of wells,
to prevent reduced recovery which might result from the drilling
of too few wells, and to otherwige prevent waste and protect
correlative rights, special rules and regulations providing
for li¢.0-acre spacing units and the establishment of a ldd-acre
proportional factor «f 4.00 foxr allowable purposes should e
promulyated for the Ta Plata-Gzallup 011 Fool

{3) That the special rules ang regulatione should apply
only to those wells completed or vecoupleted in the La Plata-~
Gallup 0il Pool or in the Gallup fFormation within one mile
thereot, and not nesarer to or within the limits of another
dasignated Callup oil p<ol.

IT IS THEREFORE ORDERED :

{1} That the horizovral limite o Fhe Co Flaia -Oaoiap O
Fool o ban Juan Couuiy, Wow Mexdor, e wee s fn
inciude the lollowing-desoriles a2l
LE L HORUL, RANCE
WA aud b/
N

S mBR, NS

NETETEN SRINET 3

we

TONNSHIC 32 NURTH, RAWGE 13 WESY, Nilis
. L fe

<

Scooction 90 e
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CASE Mo. 4067
Order No. R-3720

promulgated as follows:

SPECIAL RULES AND REGULATIONS
FPOR THE
LA PLATA-~GALLUP OIl POOL

RULE 1. Rach well completed or recompleted in the La Plata-
Gallup Oil Pool or in the CGallup formation within cne mile
thereof, and not nearer to or within the limits of another desig-
nated Gallup oil pool, shall be spaced, drilied, operated, and
produced in accordance with the Special Rules and Regulations
hereinafter set forth.

RULE 2. Bach welli shall be located on a2 sitandard unit con-
taining 160 acres, more or less, subsgtantially in the form of a
square, which is a quarter section being a legal subdivisicn »f
the United States Public Land Surveys.

RULE 3. The Secretary-Director of the Commission may grant
an exception to the reguirements of Rule 2 without notice and
hearing when an application has been filed for a non-standard
unit consisting of less than 160 acres or the uncrthodox size or
shape of the tract is due t0o a varization in the lagal subdivision
of the United States Public Land Surveys. All operators offsetting
the proposed non-standard unit shall be notified of the agplication
by registered or cextified mail, and the application shall state
that such notice has been: furnished. The Secretary-Dirsctor may
approve the application upon receipt of written waivers from all
offsat operators or if no offset oOperator has antered an cbiec-
tion to the formation <of the non-ztandard unit witnin 54 Jdays
after the Sscretary-Director has recelived the application.

inogres within Lag Jeet i1 Yha

RULE 4. Each well shall be

canter of & goverissental cuarter quacter goction e Lol

RULE . The Sacreatary-Lirectonr say or&ni A
the reguirenents of Rule L wichoui notice i
application has baon Tilaed Jon an uporiaodex Location

and

by topographical condivcions ur fha cocaanptaiiion of g by paa

ousty aviliod tou anethicr hov won ALT o aradrs L

proposaed 1ccation ghall be noiLiiod or i ape! odoion oy
registaeaed or certified mall, apd the appiilcevion shal’ isto
that swehn uolice hdas beon Jvonaohaed, Tho Sovoalamye: oot mny

aptrove the appllication upon yeczipb of writion wvalvevs ivow all

opanatorn oOffseitting the oroposed Docatior o 10 oo Obhjoacihion Lo
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CASE No. 4067
Order No. R-3720

the unorthodox location has heen entered within 2( days after
the Secretary-Director has received the application.

RULE 5. A standard proration unit (158 through 162 acres)
shall be assigned a proportional factor of 4.00 for allowable
purposes, and in the event there is more than one well on a
loC-acre proration unit, the cperator may produce the allowablae
assigned to the unit from the welis on the unit in any pro-
portion.

The ailowable assignad to a non-standardé proration
unit shall bear the same ratio to a standard allowable as the
acreage in such non-standard unit bears to 14C acres.

IT IS FURTHER ORDERED:

(1) That the locations vf all wells presently drilling to
or completed in the La Plata-Gallup 0Oil Pool ¢r in the Gallup
formation within one mile thereof are hereby approved; that the
cperator of any well having an unorthodox location shall notify
the Aztec District Office 0f the Commission in writing of the
name and .iocation of the well on or before April 15, 1949,

{2) That each wsll presently drilling to or completed in
the La Plata-Gallup Cil Yo0) or in the Gallup formation within
one mila thereof shall, after April 15, 1943, rcueive an allow-
able in the same proportion to a standard lol-acre allowable

for the pool as the acreage presentliy dedicated to the well bears
to 160 acres, until Form C=-102 dedicmting {0 acres to the well
has been filed with the Commission, or until a non-gtandard unit
containing less than 160 acres has bdeen approves,

(3) That jurisgdiction O0f this cAaves & efained for the
erey of such furthar ordsrsz as the Cowuisgion may Gadr CoUlSsary
DONE at S8anta Fe, NMew Mewico, oo the Jay ool vwar narainabova

1
fanignated. ‘

STATE OF} Wit bugnxuo
OKL“CON&&KVKJIOJ GO G LN

AN S, ARMIT

Gd ke
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Jott B. BURR.
Wm. J. CooLeY

BurRr & COOLEY
[t ]

AYVTUOHNEYYS ANO CUUNSELUONS AF Law
St 152 Perroteus CeNTER BLULOING
FARMINGTON, NEW MEXIDO

B7401 .
S

1Y Jan

JR. TELEPHONE 3251702
Area CUDE SQ5

(1067

V7 M
January 10, 1969

Mr. A. L. Porter

New Mexico 0il Conservation Commission
P. O. Box 2088

Santa Fe, New Mexico

Dear Pete:

Forwarded herewith is the Application of Benson-Montin-
Greer Drilling Corporation for 1l60-acre spacing in the
La Plata-Gallup 0il Pool. If it is at all possible, we
would appreciate your setting this case for the last
week in January. If this is not possible, please set the
case in February, bearing in mind that Mr. Greer will not
be available for the period from February 1-8, 1¢69.

Very truly yours,

BURR & COOLEY

By I (e “ Jr(}ﬂ ¢ (;[/, 35“\/

william J. Cooley / v
{ ',.?
N ") ' ’h
WIC: )5k ’}\JJ« W
Enclosures L (}
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BEFORE THE OIL CONSERVATION COMMISSIéﬁ

[ ]
OF THE STATE OF NEW MEXICO =
IN THE MATTER OF THE APPLICATION
OF .
, LG
BENSON—-MONTIN~-GREER DRILLING 3 ;éff#A Y
47.% /‘Vﬁﬁfﬁ‘
CORPORATION o

for 160-acre spacing in the
La Plata-~-Gallup 0il Pool.

APPLICATION

COMES NOW BENSON-MONTIN-GREER DRILLING CCMPORATION and
respectfully makes application to the 0il Conservation Commission
of the State of New Mexico for an Order establishing 160-acre
spacing in the La Plata~Gallup 0il Pool in San Juan County,
New Mexico, as the same is presently defined by the Commission,
together with all acreage included in the La Plata-Mancos Unit
Area, which Unit Agreement has been heretofore approved »y the
Commission,

Applicant reaguests that the unit allowable for a l60-acre

et g s ey

unit in the La Plata-Gallup 0il Pool be allocated on the basis

e et ety

of four times the normal unit allowable for Lhe Northwestern New

ey

Mexico District, and that no credit be given for any depth factors

for the reason that Applicant expects that production will occur

in said pool from depths both above and below the 5000 foot level.
Applicant further reguests that the 1l60-acre spacing Order

pe limited to the exterior boundaries of the La Plata-Mancos Unit

Arca and that the usunal provisions with respect to areas within

one mile of the La Plata-Gallup Pool limits be disrcgarded.




Applicant contends and will submit persuasive evidence to the

effect that one well will economically and efficiently drain an

area in excess of 160 acres in the La Plata-Gallup 0il Pool

and the lands covered by the La Plata-Mancos Unit Agreement.

Applicant further contends that the approval of the subject

Application will prevent waste and protect relative rights in the

area involved.

Respectfully submitted,

BURR & COOLEY

t

\ ! ; .

;[ ':'r \ ! y “’
By /et o (o

William . \Coolel
Attorneys for Applicant
152 Petroleum Center Building
Farmington, New Mexico 87401
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March 28,

BEFORE THE OIlL. CONSERVATION COMMISSION
OF THE STATE GOF NEW MEXICO

1969

IN THE MATTHR OF THE HEARING
CALLEDL BY Tii OIL CONSERVATION

COMMISS1ION (Y NEW MEXICO FOR RECORDS CENTER & LAW LIBRARY

THE PURPOSE OF CONSIDERING:

/ | CASE No. _4067
Order No. R-_2) /. A )
NOMENCLATURE

APPLICATION OF BENSON-MONTIN-GREER

DRILLING CORPORATION FOR SPECIAL

POOL RULES, SAN SJUAN COUNTY, NEW

MEXICO.

ORDER Cf THE COMMISSION
BY THE COMMISSION:
This cause came on for hea, ing at 9 a.m. on _March 5 196 9,

at Santa fe, New Mexico, before Examiner Daniel S. Nutter

NGW, on this day of April , 1963 , the Commission,
guorum peing present, having considered the testimony, the record,
and the recommendations of the Examiner, and being fully advised

in the premises,

FINDS:

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

(2) That the applicant, Benson-Montin-Greer Drilling Corp-~
oration, seeks the promulgation of special rules and requlalions

for the La Pjlata-Gallup 0il Pool, San Juan Countly, New Moexioo,

including a provision for l60-acre spacing and proration units.,

(3) That the applicant requests that said special rules
provide that the unit allowable for a 160-acre unit o caid
pocl be allocated on the basis of four Uimes the normal anidg
allowable for Nortnwest New Mexico, and that no oredit ne given
for depth factors.

(4) That the appiicani Tariher goghieats fhat oo special
rules and regulations apply to all l.nds within the boundaries
of tho La Plata Mo t‘, Unil b Arca, L" dl ﬂ{rt/;l,(l /
somn i Bt : N/ )4;, DR Y AN / v f/",,;,
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(5) That the subject reservoir is composed of a highly
fractured shale.

(6) That the producing formation in the subject pool is both
less than and more than 5000 feet below the surface.

Sedriri-hgines

(7) That the evidence indicates that one well in the
subject pool can efficiently and economically drain and develop
160 acres.

(8) That in order to prevent the economic loss caused by
the drilling of unnecessary wells, to avoid the augmentation of
risk arising from the drilling of an excessive number of wells,
to prevent reduced recovery which might result from the drilling
of too few wells, and to otherwise prevent waste and protect
correlative rights, special rules and regulations prcviding
for 160-acre spacing units and the establishment of a l60-acre
proportional facter of 4,00 for allowable purposes should be
prromulgated for the La Plata-Gallup 0il Pool.

(9) 7That the special rules and regulations should apply
only to those wells completed or recompleted in the La Plata-
Gallup 0il Pool or in the Gallup formation within one mile

thereof, and not nearer to or within the limits of another

designated Gallup oil pool.

IT IS THEREFORE CRDERED:

(1) That the herizontal limits of the La Plata-Gallup Oil
Pool in fan Juvan County, New Mexico, are hereby extended to
include the following-described area:
TCOWNSHIP 31 NORTH, RANGE 13 WEST, NMDPM

Cection 5 NW/4 and S/2
Section & /2

-
.

TOWISHIP 32 NORTH, RANGE 13 WEST, NMPM
Sertion 31:  S§/2

{2) That Special Rules and Regulations {for the La Plata-

Goallap D11 Poaol, San Juan Counbey, oew Mexico, are hereby
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promuligated as follows:

SPECIAL RULES AND REGU
FOR THE

TIONS

ot .

oo —

Each well completed or recompleted in the
-B@al or in 3

Pots - ulloopp 5k Yoot

formation within one mile thereo a ot nearer to or within the
limits of another desianated BM:\ ©cil pool, shall be
spaced, drilled, orerated, and produced in accordance with the
Sperial Rules and Regulations hereinafter set forth.

RULE 1.
e

s

RULE 2. Each well shall Y2 located cn a standard unit con-
taining 160 acres, more or l¢us, substantially in the form of a
square, which is a quarter section being a legal subdivision of
the United States Public Land Surveys.

RULE 3. The Secretary-Director of the Commission may grant
an exception to the reguirements of Rule 2 without notice and
hearing when an application has been filed for a non-standard
unit consisting of less than 160 acres or the unorthodox size or
shape of the tract is due to a variation in the legal subdivision
of the United States Public Land Surveys. All operators offsetting
the proposed non-standard unit shall be notified of the application
by registered or certified mail, and the application shall state
that such notice has been furnished. The Secretary-Director may
approve the application upon receipt of written waivers from all
offset operators or if no offset operator has entered an objec-
tion to the formation of the non-standard unit within 30 days
after the Secretary-Director has received the application,

RULE 4. Each well shall be located within 150 feet of the
center of a governuwental guarter-guarter section or lot.
RULE 5. 'he Ssecretary-iirector
the .requircrments of Rule 4 without notice and hearing when an
application has been filed an unorthodex location necessitated
by topographical conditions or the recorpleticon of a well previ-
ously drilled to arother horizen., All cporators offsetting the
proposea location shnall noitlified of the asplication
registered or certified mail, and the application shall state
that notice has been furnished. The Secretary-Director may
aAnprove Lho ication upon receivt of written wailvers fran all
overators offsotting the propeosed location or if no objection to
scatlion croed within 20 days after

uay yrant ain

for

De jo %4

\
sucn

o

RELIONY

N
| SR eI
[ GL SR

nas
nas reco

the unorzhowor oent

the Seccrotary-Li

Tﬁ(

gctor cived the avplication,

(128 through 162 acres)
ot 2, for allowanle
than one well on a
produce the allowable

1 pro-

RULE ©. A standard proration unit
e assicned a proporticnal factor
. the event there is more
sroration unit, the operator may
o the unit from the the

- o .
wells unlc

Gl

any




;:;E No. gg:g27

Order No. -=3317o9=A—~

The allowable assigned to a non-standard proration
unit shall bear the same ratio to a standard zllewable as the
acreage in such non-standard unit bears to 16C acres.

IT IS FURTHER ORDERED:

(1) That the logmtigye L ‘C‘FQJM drilling to
or completed in thed -qug??'?“‘ R ecrny Or in Lhe fonci tou
SORG—G Re—LRonh R drmation within cuoe mile tharoeof
are hereby approved; that the overator ofeany waell having an
unorthodox location shall notify the %’Distrj_ct Office of
the Commission EE w{iting of the naune and location of the well

on or before 15, l9q7.

(252 %gegg.’wig %eie&ﬁyﬁg-}ling to or completed in
. e 3 " 1]

] the or In
‘g¢£%%p ; formation within one mile thereof shall, after
15, 1969, receive an allowable in the samne progportion

to a standard 1l60-acre allcwable for the pcol as the acreage
presently dedicated to the well beaxs to 160 acres, until Forn
C-102 dedicating 160 acres to the well has been filed with the
Commission, or until a non-standard unit containing less than
160 acres has been approved.

That this casec shall -
1968, at which tioo
pool may pres®nt the results cf 2

be developed on less an léD-acre sracing unidg and to show
cause why the l60-acre p?prEééznal factor Of =.7/7N§signea to
i the subject pool should oxr sh d not be retained. ~—
\ ~
14) t Order No. R-3177 coitsuad by the Conmiscion on
January 18, 1967y is herchy ouporoadod,
ngéﬁ%/ That jurisdiction o 15 oo i Kosiined L0 Lia
entry of such further orders 2o une Conrisson Codoon nelessar.
DONE at Santa Fo, New Friicd ol Lier anrn el Juall Llsnduaind

designated.
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