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Engineering Report on
GRAYBURG COOPERATIVE AND UNIT AREA

Eddy County, New Mexico

By
John A, Barnett and Merwin H, Soyster

This report covers the area committed to the Grayburg Cooperative and Unit
Agreement (I-Sec. 370) apnroved by the Assistant Secretary of the Interior on
October 5, 1943, hereafter referred to as the "unit area", embracing 4,769.4u
acres of public lend in T, 17 S., Rs. 29 and 30 E,, Eddy County, New Mexico, The
area includes portions of the Anderson, Grayburg-Jackson, and Leonard oil fields
as defined for proration purposes by the New Mexico Oil Conservation Commission.
The unit area is covered by Federal oil and gas leases owned by the Grayburg Oil
Company of New liexico and the Western Production Company, Inc, The Grayburg Unit
Association has been formed and designated to conduct and menage all operations in
the unit area, As of December 31, 1943, there were forty-six producing oil wells
vithin the unit erea.

The report has been prepared for the purpose of aseisting the Grayburg Unit
Association in determining the proper locations of gas-injection wells and the
best methods for future operation of the pressure-main.znance system that is being
installed for the purpose of retarding the reservoir vressure decline and in-
creasing the ultimate recovery of oil from the Grayburg Zone defined in the above-
mentioned agreement as formations not more than 3300 feet below the surface,

Data used in the repcrt were obtained from records on file in the Geological
Survey office at Roswell, New Mexico, and from the records of the Western Produc-~
tion Company and the Grayburg Oil Company. All data were carefully checked as to
accuracy with engineers and fields representatives of both companies.

Maps, cross-sections and curves.

Included with this report are the following illustrations:

l. Well-record map, showing boundaries of the Cooverative and Unit Area,
well locations, ownership and serial numbers of Federal oil and gas leeses, and
a type log of subsurface formations penetrated., In addition, the elevations, .
geologic correlation roints, and other pertinent data are indicated for each well,

2. Structure mar, contoured:on top of the "Red Sand",
3. Production : ne map, This map was prepered by correlation of all sample

logs and electricel logs available. An index to the zones will be found in the
type log included with the maps of the area,
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4, Bottom-lole rressure rap. The pressures, corrected to a datum of
800 feet above sea level, were talen during the period October L, 1943, to
January 8, 1944, For a few wells, current pressures were not available,
For those wells the last available pressure tests were used (taken within
the past year) and so indicated.

5. Production chart, indicating the annual oil production, cumulative
oil production, and number of wells vroducing at the end of each year.

6, Production decline curve, This curve was constructed by plotting
individusl production declines of several representative 'ells that are
believed to have been produced with practically unrestricted flow, and by
interpolating a family decline curve therefrom, The normal future rate of
production decline, using primery producing methods, was then obtained by
projecting the curve on logarithmic cross-section paper,

7. Bottom-hole pressure decline curve, This curve was obtained by
averaging the rates cf pressure decline of all wells, plotted with reference
to the time elapsed between the completion of each well and the recording of
bottom-hole pressures, The future rate of pressure decline was then esti~
mated by logerithmic projection,

8. Cross—-section A-A', showing the geology and details of the producing
formations along a line of wells from the west to the east side of the unit
area,

9. Cross-section B-B' - a northwest-southeast dovn~dip section,

10, Cross-section C-C' - a northwest-southeast dovm-dip section,

History.

The first oil production in the unit area was obtained in 1929 by
Grayburg O0il Company in its Burch No, 2-A well, located 1980 feet from the
south line and 660 feet from the west line of sec. 19, T. 17 S., R, 30 E,
This well was drilled to a total depth of 3142 feet and completed on June 27,
1929, for an initial production of 50 barrels of 36,3 API gravity oil per
day. It was subsequently deevened to 3204 feet without encountering water
or additional oil,

Owing to adverse business conhitions, lack of knowledge as to the
extent of the productive area, and other factors, drilling in this area
was conducted sporadically up to August 1937. During that period only
eight wells were completed, averocing one well ner year., Between August 1,
1937, and September 1, 1941, a total of 12 wells were completed, an aversge
of 3 wells per year., From Septesber 1, 1941, to January 1, 1944, a total
of 26 wells were completed for an average of slightly less than 12 wells
per year, |

|



121393

The ares has been developed with a well-spacing pattern of one well
to each UO-acre subdivision, All recent drilling has been in the center
of such subdivisions. Production has ranged from the unrestricted yield
of earlier wells to a maximum daily allowable of less than 30 barrels ver
well, and more recently has been at a maximum daily well allowable of 48
barrels, which is the current top allowable for wells in other fields in
southeastern New Mexico, as determined by the New Mexico Oil Conservation
Commission,

Stratigraphy.

The surface of the unit area consists largely of small shifting sand
hills, which preclude a determination of surface structure by examination of
outcrops., The stratigraphy consec .ently has been determined by a study and
correlation of samples of formations drilled, together with the correlation
of electrical logs. Nomenclature, correlatione and formation intervals
used in this repgrt are-yased on studies of southeast New lMexico and West
Texas by DickeyL/, King2/ and othersl7.

The surface sand is underlain by approximately 250 feet of eandstone
and red shale which is undifferentiated but generally classified as belong-
ing to the Dockum group of Triassic age. The lower portion of these beds,
usually sandstone or sandy red shale, may be the Dewey Leke redbeds of

Permian age. Below this horizon all fornations venetrated thus far are of
Permian age.

Unconformably below the Dewey lake (?) redbeds occurs the Rustler
formation, approximately 100 to 200 feet in thickness, composed mainly of
anhydrite, with limestone present in some areas.

The Salado formation, commonly known as the "salt section", consiste
of 400 to 500 feet of salt, often potash-bearinz, with occasional thin beds
of anhydrite.

1/ Dickey, R. I,, Geologic section from Fisher County through Andrews
County, Texas, to Eddy County, New lexico: Amer, Assoc, Petrol, Geol, Bull,,
Vol, 24, No, 1, pp. 37-51, January 1940,

2/ King, P, B,, Permian of West Texas and southeastern New Mexico:
Amer, Assoc. Petrol, Geol, Bull,, Vol, 26, No, L, Aoril 1942,

" 3/ The 0il and Ges Resources of New Mexico, Second Edition: New Mexico
School of Mines, State RBureau of Mines and Mineral Resources, Bull, 18, 1942,
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Formationes below the Salado are shown in detail on the cross-sections
and type log. It will be noted that a system of numbers for the producing
zones in the Sen Andres formetion is shown. This is in conforaity with a
system originated in many other southeastern New Mexico fields by the Roswell
office af the Oil and Gas Leasing Division, Conservation Branch, Geological
SurveyY/, and now commonly used by meny New Mexico overators, ,eologists, and
engineers, As most of the oil found in the unitized area occurs in the San
Andres formation, there are indicated on the cross~sections only the corre-
lations of zones 7, 8, 9 and 10, which are the zones known to produce oil in
the San Andres. Only four wells in the area produce oil from the Grayburg
formation--two from zone 5 and two from zone 6. Below the eighth zone corre-
lations are made almost entirely on the occurrence of oil pays rather than
on stratigraphy or lithology. In zome areas, it is quite likely that oil
pays in zones 9 and 10 may be inter-coanunlcatlve. Particularly in the
western portion of the unit area, zones ¢ and 10 are closely related and
somevhat difficult to correlate, and for production and engineering purposes
might properly be considered as one zone,

Structure.

Subsurface contours on top of the "Red Sand" show thz structure within
the unit area to be an eastward plunging anticline, slishtly asmetrical,
with a steeper south flank, from which rlank the greater portion of oil has
been produced. The regional dip is approximately 50 feet to the mile in &
southeastward direction, and the local dip of the southeastern flank of the
anticline is approximately 200 feet wer mile. There is no evidence of faulting.
It is quite probable that, althouvgh structure has been a general factor in-
fluencing the eccumulation of oil, the very irregular nature of the eccumula-
tions of oil is due to variations in permeability and cemeuntation of the
reservoir rock, and to minor structursl flexures that serve as barriers or
stratigraphic traps.

Reservoir Conditions.

As stated above, the major portion of the oil oroduced is from the San
Andres formation, The amount of production from each well is dependent upon
the porosity and permeability of the producing zones, wnich often vary greatly
from well to well, No cores have been taken in the unit area, and it is not
possible to state the renge of porosities and permeabilities,

Productive zones, consisting of porous dolomite in the Sen Andres forma-
tion, are relatively thin, Several wells have thus far produced in excess
of 150,000 barrels of oil, and some in excess of 350,000 barrels. On the
other hand, some wells in the area will probsbly not yield 50,000 barrels
ultimately, This is indicative of the wide range in porosity and permeability
of the producing zones.

4/ Barnett, John A,, Maljamar Pool, The Oil and Gas Resources of New
Mexico, New Mex1co School of Mines, Stete Buresu of Mines and iineral
Resources, Bull. 18, pp. 2u3-244, 19k2,

L
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It is ordinarily necessary to shoot the formations atove the San
Andres, where found productive, in order to establish comrercial produc-—
tion, It is likewise necessary to acidize under vressure the producing
zones encountered in the San Andres formation, in most wells, A few
wells have been drilled that require neither shooting ncr acidizing.

Water.

Water in varying amounts is generally encountered at a short distance
above the top of the salt, but no water is known to have been encountered
below the salt, The production of water with tke oil in the unit ares has
never been a problem, Lack of core data precludes the possibility of de-
termining the amount of connate or interstitial water in the 0il sands,
Estimates based on neighboring fields where determinations have been made,
indicate a probability of 15 to 30 percent connate water., There is no
evidence of either a direct or an indirect water drive in the area.

Drillinz and production methods.

All wells in the unit area havs been drilled with cable-tool dérilling
equipment, usually portable machines, The average cost of drilling and
completinz a well for production is approximately $15,000,

The usual drilling program provides for a strins of 10-3/U-inch or
8-5/8-inch casing set in the anhydrite immediately above the top of the
Salado or M"salt section" at depths ransing from 300 to 50C feet, and
cemented with 50 sacks of cement, preceded by mud circulated to the sur-
face. This serves as an "anchor string", end affords protection to the
potash-bearing salt beds from infiltration of upper waters, It also
affords protection against caving of tne upper strata. A string of 7-inch
or 5-3/16-inch casing is then set at a point spnroximately 100 feet above
the first producing zone, and cemeateda with 100 sacks of cement, preceded
by mud circulated tc the surface,

Although wells are sometimes swabbed into production and completed
naturally, it is usually necessary to stimulate production by acidizing
the dolomite pay zones under pressure, in order to obtain production in
commercial quantities. The oil is generally produced through 2-inch
tubinz, set abo?t 2 or 30 feet above the pay zone,

All wells in the unit area are flowing except Grayburg Oil Company
No, 9-A Burch, which is being pumped. The o0il is usually produced inter-
mittently through surface chokes on the tubing, in order to conserve gas.
No bottom-hole chokes have been used, although it is contemplated that
such practice may be resorted to in the future in order that the production
may be attained without pumping equipment after bottom-hole pressures have
been further reﬁuced. Under present practices, aporoximately 215 pounds

1
!
]
|
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per square inch is the minimum pressure at which the wells will continue to
flow, It may oe noted by reference to the bottom-hole pressure map accomnanying
this report that bottom-hole pressures in the unit area ranze from 230 to 1,018
pounds per square inch, demending upon the location and age of the wells,

Production data.

To January 1, 1944 . total of 2,766,150 barrels of oil had been vroduced
from 1,920 acres of proved 0il land in the unit erea, which represents an average
recovery of approximately 1,440 barrels per acre, However, most of the wells in
the area have been drilled in recent years, and one well that has been producing
for almost 10 years has yielded more than 11,000 berrels per acre and still pro-
duces more than L0 barrels of oil per day.

The initial, cumulative, and present daily production date on each well in
the unitized area are tabulated below:

OIL PRODUCTION DATA--GRAYEURG COOPERATIVE AND UNIT AREA

Cumulative Average
Initial production production
Date of  production  through 1943- December 19L3-
Company Lease Well completion 3Barrels,dly. Zarrels Barrels, daily
Grayburg Burch A 6-27-9 50 142,631 1L.5
= " 3-A 5 -6-32 520 255,966 17.2
n " L4  1-15-34 L25 373,386 "35.1
. ¥ 5-A 5 -5-34 525 453,996 L6.2
" " 6-A  L-11-35 341 196,109 30,6
" n 7-A  8-30-3% Lo 132,879 31.2
n n 8-A 1l -L-37 20 18,391 3.3
" " 9-A 12-10-37 25 29, 200 13,7
" " 10-A 2~ 5-38 35 19,797 3.2
" " 11-A  L-11-38 105 65,186 14,2
" n 12-A  7-11-39 175 92,455 5.6
" n 13-A 12-20-39 206 60,681 18.7
" " 14-A  11-30-43 16 243 7.8
n n 1-B  8-27-u1 32 23,032 25,1
" n 2B 1l- 9=kl 80 24,698 6.4
" n 2B 1 -9-k2 150 23,406 2.0
" n LB 3 -7-k2 70 19,990 26.2
n f 5-B 7 -2-k2 125 17,637 26.1
n n 6-~B L-29-L2 10 24,359 L7.6R
" n 7-B 9-1k-L2 26 18, 380 37.1
" n 8B  3-26-L3 - 125 10,702 36.8
n Keely 2-A 11 -5-29 280 303,663 18.3
" n 3-A 7-29-37 155 73,728 18.3
" " L.A  3-21-38 100 L7,951 2.7
n " 5-A 6 -3-L0 28 25,753 23,0
n " 6-A  9-29-U43 200 L, 795 53.3R
" n 7-A  9-20-UL3 200 4,763 51.UR
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Grayburg Xeely  8-A  11-11-13 700 2,631 50.6R
n " 9-A 12-11-43 100 839 52,43
" " 1-B 5 -5=U43 250 10,528 U1.3R
" " 2-B 5-24-U3 338 10,142 L1.7R
. " 3-B o 360 5,240 43.6R

Western Burch 1-C 6 -3-38 50 33,937 11.8
" " p Q-1L-38 26 33,856 11.9
n n -0 0-21-41 30 18,965 15.9
" n 4—-C 12— 9-U42 32 8,430 17.0
" " 5-C 1-20-U43 130 12,321 22.9
" n 6~-C 2-14-U43 125 11,654 33.3
" n 7-C L-26-43 30 L 567 16.3
" " 8-C 5-10-43 50 3,933 LW
" Keely 1-C 9-17-37 108 78,681 30.4
" n L-C 11-12-U42 215 17,510 39,
" " 5-C 3-13-U43 35k 12,406 39.5R
" n 6~C 2-27-U43 262 14,106 45, 7R
" " 7-C 6-22-U3 240 9,283 46.3R
n n 8-C 8-12-U3 300 6,314 L6,1R

Total 2,766,150

Note: R after Averesge productioa for Deccmber 1943 indicetes that wvell oroduc-
tion was restricted by proration.

Oil analyses.

The following analyses were made by the U, S, Geological Survey at Casper,
Wyoming, in accordance with the U, S, Bureau of Mines Hempel method, Although
one sample of oil was taken from zone 9 and the other sample represents a mixture
of oil from zones 9 and 10, the analyses arc quite similar, indicating the prob-
ability that intercommunication does exist vetween some of the zones, at least
in certain areas,

le No, 4l-038, Grayburg Oil Co. llo, 6—A Keely well, sec.
24, T, 17 S., R, 29 E, From lower portion zone 9 and zone 10,

Specific Gravity.. .836 AP.1, Grav1ty 37,8
Percent sulphur... .90 Pour point,... Below 5° F,
Saybolt Univ, Viscosity at 70° F. 43 sec. Colors.osnosns Green
Saybolt Univ. Viscosity at 100° F 39 sec. Bo8&.cspisves . Intermediate

DISTILLATION, BUREAU OF MINES, HEMPEL METHOD

Distillation at atmospheric pressure 632 mm, First Drop 75° F,
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Fraction Cut at Per Sum  ©A,P.I. S.U. Vises Cloud
No. °F, cent percent 60° F. C,I, 10¢°F, Test °F,
1 122 2:5 2.5 81,0 -
2 167 AN A 649 7442 18
3 212 T2 14.1 65.9 22
4 257 845 22,6 T2 29
5 302 7.C 29,6 5.3 32
6 347 beS 34.1 47,8 32
7 392 L3 38.4 449 32
8 437 563 437 L2 .6 32
9 482 5¢4 49.1 39.4 3L
10 527 640 5561 36,2 36
Distillation continued at 40 mme
11 392 -- - - -
12 437 58 6049 3048 40 L5 25
13 482 L7 65.6 28.9 L2 56 45
14 527 Le3 69.9 27.0 VA 7e 65
15 572 S YYA 7643 2542 L6 134 85
Residuum 20.3 96.6 16 02
Carbon residue of residuum 7.6% Carbon residue of crude 1.8%

APPROXTMETE S'PMMARY

"aJPols Viscosity,

Porcent 609 T, SEeCS.
Light gasolines sesseacencescsscsssns . 14,1 70.9
Total gasoline and naphthaeeceo..o.... 5 384 58,2
Kerosene distillat@ecccccccccccsccccscs 53 L2 6
Gas Oilooo.ooctooqo-oo --------------- . 1.60/J 35.6 B(.‘].OW 5‘)
Nonviscous lubricating distillate..... 9.8 30,0 = 206,43 50-100
Medium lubricating cdistillatessceeee.s 6.4 2643 - 23,2 100=-200
Viscous lubricating distillat€e.ee..se - -——  Above 200
ReSiduum.toooo-oooot-oto"0'0~'0'-oooo 20.3 16.2 |
Distillation 1055.....-..-............ 3.4 -

Sample No., 44-039, Grayburg 0il Co. No.

8=B Burch well, sece 23,

T, 17 S., R, 29 B« From zone 9,

Specific gravitye... «839
Percent sulphureess «97
Saybolt Univ, Viscosity at 70° F, 42 sec,
Saybolt Univ. Viscosity at 100° F, 39 sec,

AePele grivityeee 3742

?our pOintooooo.o Be:"'.‘w 50 FO
51, ) JA—— .
BaS€eseocecscccce Ins rmediate

1
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. METHOD

Distillation at atmospheric pressure 635 mm, First Drop 93° F.
Fraction Cut at Per Sum O Pl S.U. Visce Cloud
No. OF, cent percent 600 F, Cele 100° F, Test OF,
1 122 1.1 1.1)
2 17 3.8 4.9) 7.2 -
3 212 7.6 12,5 65.3 23
4 257 Ts? 20,2 56.4 30
5 302 4Le5 24,7 50,9 3
6 347 6.6 31.3 48,3 31
7 392 bLae'7 36.0 45 .6 31
2] 437 Se3 41.3 4340 31
9 482 545 46.8 39.4 34
10 527 6.3 53.1 36,2 36
Distillation continued at 40 mm.
11 392 Oul 5342)
12 437 6.0 59.2) 31.0 40 L8 25
13 482 5.0 64.2 28,9 42 56 45
14 527 Lol 6843 26,3 L 78 65
15 572 6.2 T4e5 2542 46 124 =5
Res idum 21.8 96 .3 16.1
Carbon residue of residuum 7.6 Carbon residue of crude 1.9%
APFROXIM:T! SUMMARY
OA.P.I. Viscosity,
Percent  50° F, SECSe
Light gasoline..-..................... 12.5 7.5
Total gasoline and naphthdeeeecescaess 36,0 5644
Kel‘OSene distillate...oo.--........... 5.3 4300
GaS oil‘....'...lnltolocoa. ....... LRI Y 16.1 36.0 EC‘_“_O‘H 50
Nonviscous lubricating distillate,..ee 11le2 30.4 - 20,1 50-109
fiedium lubricating distiliat€eecce.ccces 568 26,1 = 24,3 100-200
Viscous lubricating distillatCesececces - —— Above 200
Residuum-........--.....--............ 21.8 16.1
Distillatlon 10SS eseosevenssonisisssione 3.7 - nen

Gas-o0il ratios

Gas-oil ratios in the unit area range from 500 to 430U cubic feet of
gas per barrel of oil. During January 1944 on test, thz total gas volume
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from the unit area averaged 1,354,000 cubic feet with an average production
of 1,425 barrels of oil per day, and a gas—oil ratio for the unit of 947
cubic feet per barrel,

Bottom-hole pressures.

From the bottom-hole pressur- map it may be noted that bottom-nole
pressures in the unit area range from a low of 230 to a high of 1,018
pounds per square inch. The average bottom-hole pressure for the area
has been computed as approximately 530 pounds per square inch during De-
cember 1943. For purposes of this report, low, intermediate, and high
pressure areas have been designated and are indicated by appropriate
hachures on the bottom-hole pressure map., The low pressure area includes
all wells with bottom=hole pressures of less than 400 pounds and the high
pressure area includes all wells with more than 700 pounds,

Pressure maintenance programe.

The Grayburg Unit Association contemplates the initial injection of
about one million cubic feet of available casing-head yas per day recovered
from the producing oil wells in the unit area, For this purpose there have
been installed three compressors with & total of 330 horse power and a
capacity of 1,250,000 cubic feet of gas operating under 2C-pouni intake
pressure and 800-pound discharge pressure. Initial injection pressures
are not expected to exceed 700 pounds per square inche

The determination of wells most suitable for gas injection is a matter
of prime importance in the inception of any pressure maintenance programe
With the volume of gas available and the number of producing wells in the
unit area it was detemmined that five oil w=lls could rcasonably be converted
into input wells to give maximum recovery of oil for the amount of gas used.
It will undoubtedly be necessary to use additional input wells as more oil
wells are completed and more gas becomes available for injection within the
unit areae

Criteria for determination of gas input wells include such factors
as structure, bottom-hole pressures, gas-oil ratios, lithology, permeability,
and other characteristics of the producing formation. Thorough study and
detailed correlations were made of sample, electric, and drillers' logs,
as well as all other available data obtained of the area, beforz the five
proposed gas injection wells indicated on the bottom-hole pressure map were
selected. The zones from which the wells are producing oil were considered,
it being the object to centralize each injection well in a group of wells
in the same zone or zones. As stated before, practically all the oil pro-
duced in the unit area is obtained from zones 9 and 10 and consideration
was given to the injection of gas into those two zones only, so that the
gas would not be dissipated into barren zon upper zones of perosity
or sands that could act in some instances as "thiél sands" as indicated
by Dowell Electric Pilot surveys, To insure this further, it is planned
to inject gas through tubing with packers set in the injection wells
immediately above zone 9.

10
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Four of the five injection wells selected are located between low
pressure areas that have been producing for some time, and high pressure
areas recently drilled, It is anticipated that this will serve to retard
the rate of decline in high pressure areas and at the same time build up
or repressure the low pressure areas, thereby materially benefitting the
recovery of oil in the entire unit area.

It is intended that the average field gas~0il ratio shall be maintained
below 2,000 cubic feet per barrel, and that where ratios become excessive
the oil production will be adjusted, remedial work done, or the offending
wells shut in to conserve gas and maintain reservoir energy.

Estimate of future production.

The success of a pressure maintenance project is measured by the amount
of o0il recovered after gas injection as compared with a reasonable estimate
of the amount of oil that would have been recovered without the return of
gas to the producing formations,

Two decline curves have been prepared, that should aid in evaluating
this increased production at a later date, namely, a bottom-hole pressure
decline curve end a production decline curve, All data and varying condi-
tions were considered in arriving at the information plotted on these curve
and it is believed that they represent average conditions for the unit area.
After injection of gas, it is quite probable that both curves will assume
new raves of decline, The intervals between the new curves and those that
we would normally expect under primary producing methods will represent the
benefits derived from the secondary recovery project,

The following tabulation has been prepared from the production decline
curve, and provides in readily usable form an estimate of nommally expected
future production, based on primary recovery methods, for wells of different
potentials., However, in using this tabulation, it is necessary that the
"Present daily production™ be construed as the settled average daily capacity
of a well over a period of several weeks rather than the flush potential as
determined by e short test,

ESTIMATED FUTURE PRODUCTION CEART FOR INDIVIDUAL WELLS
Based on primary recovery methods and
econoPic limit of three barrels of oil daily.

Present daily Estimated Estimated future
production Future life production
(Bbl,) (Yr.-Mo.) (Bbl,)
150 17 - 10 186, 643
125 17 - U 162,553
100 16 - 10 141,018
9q 16 - 6 130,068
8d 16 - 1 116, 41k
70 15 - 8 105,491
60 15 - 1 91,226

11



50 14 - 4 76,535
45 13 - 10 67,714
Lo 13- 4 60, 231
35 12 - 11 54,300
30 12- 4 47,700
25 11~ B L, 008
20 10 - 10 34, 0U43
15 9- % 24, 645
10 T~ 3 14,988
5 3-0 4,270
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