OIL CONSERVATION DIVI STION

- MR. KELLY
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GRS-OIL RATIO (SCF/BBL)
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RESERVOIR FLUID STUDY
for
Jercme P. McHugh and Associates
Iottie No. 1 Well
Lindrith Unit Field
Sandoval County, New Mexico
File Number: ARFL~860042
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CORE LABORATORIES, INC.
Reservoir Filuid Analysis

Page_ 1 of 12
File ARFI~860042

Campary. Jercme P. McHugh and Associates Date Sampled _ February 26, 1986
Well Iottie No. 1 County. Sandoval

Field Lindrith Unit ' State ' New Mexico

FORMATION CHARACTERISTICS

Formaticn Name Gallup Mancos

Date First Well Campleted

Original Reservoir Pressure PSIG @ Ft.

Original Produced Gas/Oil Ratio SCF/Bbl
Production Rate Bbl/Day
Separator Pressure and Temperature PSIG CF.
0il Gravity at 60°F. CAPT

Datum Ft. Subsea

Original Gas Cap

WELL CHARACTERISTICS

Elevation 7155 GL Ft.
Total Depth . PD 8130 TO 8175 Ft.
Producing Interval , 6822-7122 Ft.
Tubing Size and Depth 2 7/8 In. to _7148 Ft.
Productivity Index Bbl/D/PSI @ Bbl/Day
Iast Reservoir Pressure 1648 PSIG @__6994 Ft.
Date February 26, 1986
Reservoir Temperature 170 OF. @__ 6994 Ft.
Status of Well Shut in since September 10, 1985
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

SAMPLING CONDITIONS

Sampled at 6994 - Fr.
Status of Well Shut in
Gas/0Oil Ratio SCF/Bbl
Separator Pressure and Temperature _ PSIG, CF.
" Tubing Pressure 354 PSIG
Casing Pressure ' 1312 PSIG
Sampled by Tefteller, Inc. '
Type Sampler . Wofford
REMARKS :

These analyses, opinions or interpretations are based on observations end ssterisl supplied by the client to wham, and for whose exclusive and confidential
use, this report is made. The interpretations ar opinions expressed represant the best judgesent of Core laboretorias, Inc. (all ervon and cmissions
tymerTed): Myr Parm Lakeearmmies, Tne. and its of ficers and erplovees, assume no responsibility and maka ro warTenty OF represantations as to the produce
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CORE LABORATORIE

S, INC.

Reservoir Fluid Analysis

Page

2 of 12

File

ARF1~860042

wWell Icotkie No. 1

SUMMARY OF SAMPLES RECETIVED IN IAPORATORY

Subsurface Fluid Samples

Cylinder

SS-2049*
Ss-708

Laboratory Bubble Point Pressure
oor

Pressure,
PSIG

1135
1132

* Selected for use in reservoir fluid study.
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Component

Hydrogen Sulfide
Carbon Dioxide
Nitrogen
Methane

Ethane

Propane
isc=-Butane
n-Butane
iso-Pentane
n-Pentane
Hexanes
Heptanes plus

Thwse analyses oommwmmtia:smmqgmﬁam“utm . f
u.e, this npot"t is made. The interpretations ar cpinions expressad represant the best jw of Core labaretorias, Inc. (all errors ad anissions
exrerrad): it Core Labhwatoriag. Tne. and its officers and smlovees. acaism na resroncibilitv and make o wmrranty An rerrespatssisme ae S0 the rervh -

CORE LABORATORIES, INc.
Reservoir Fluid Analysis
Page 3  of 12
File _ ARFI~860042
Well Iottie No. 1

HYDROCARBON ANALYSTS OF RESERVOIR FLUID SAMPLE

Mol Weight Density, CAPT Molecular
Percent Percent Gn/Cc @ 60°F. @ 60°F. Weight
0.00 0.00
0.00 0.00
0.08 0.02
24.58 3.64
8.79 2.44
7.77 3.17
1.42 0.77 .-
4.66 2.50 -
2.05 1.37
2.61 1.74
3.72 2.88
44.32 81.47 0.8335 38.1 199

100.00 100.00

supplied by the cliant to whom, and for whoss exclusive and confidential
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CORE LABORATORIES, INC.
Reservoir Fluid Analysis
Page 4 of 12

File ARFTI~-860042
Well Tottie No. 1

VOLUMETRIC DATA OF RESERVOIR FLUID SAMPLE

Saturation pressure (bubble point pressure) = 1482 PSIG @ 170°F.

Specific volume at saturation pressure @91 ft 3/J.b @ IF\ 7?———

Thexrmal expansion @ 5000 PSIG = 1.05109 V @ 170°F./V @ 75CF.
Campressibility @ 170°F.:

Fram 5000 PSIG to 4000 PSIG

8.82 x 1076 v/v/psI

9.92 x 106 v/v/psT

From 4000 PSIG to 3000 PSIG

From 3000 PSIG to 2000 PSIG = 11.09 x 1076 V/V/PsI

Ffofn 2000 PSIG to 1482 PSIG = 12.41 x 1076 v/v/psI
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use, this report is maie. ﬂumtmutma'opmmwwtmm judgesent af Care Laboretories, Inc. (all errors and omissions
excepted); but Core lLaboratories, Inc. and its officers and esployees, assutw no responsibility and meks no warrenty or represantations as to the produce
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CORE LABORATORIES, INC.
Reservoir Fluid Analysis
Page_ 5 of 12

File  ARFI~860042
Well Iottie No. 1

PRESSURE-VOLUME RELATIONS AT 170°F.

(Constant Composition Expansion)
Pressure, Relative Y

PSIG Volume(l) Function(2)

5000 0.9642

4500 0.9683

4000 0.9728

3500 0.9776

3000 0.9826

2500 0.9878

2000 0.9936

1800 0.9960

1700 0.9973

1648(3) 0.9979

1600 0.9985‘"

1500 0.99¢8

1482 (4) 1.0000

1462 1.0058

1444 . 1.0112

1430 1.0157

1395 1.0269

1340 1.0465 2.255
1242 1.0882 2.166
1096 1.1671 2.079
936 1.2932 1.9558
783 1.4575 1.864
673 l.6631 1.773
522 2.0745 l.664
396 2.6922 1.561
288 3.6447 1.490

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

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

Reservoir Pressure ' : ’

Bukble Point Pressure

use, this report is mxie. The interpretations of opinicns expressed WzmmgdeMt«m. Inc. mxmmmm
excepted);, but Core waboratorics, Inc. and its officers and erployees, assum no nsm:.bguy and -h NO WAITWNTY OF representations as to.thc froduc-
~ivity | —proes cozeatise Am remfitshlenest of any oi), §AS or othar mineral well or sard in cormection with which such report is used or relisd upon.
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CORE LABORATORIES, INC.
Reservoir Fluid Analysis

Page_ 7 of 12
File  ARFI~860042
Well Iottie No. 1

VISCOSITY DATA AT 170°F.

Calculated

0il/Gas
Pressure, 0il Viscosity, Gas Viscosity, Viscosity
PSIG Centipoise Centipoise Ratio
5000 0.69
4000 0.64
3000 0.59
2000 0.55
1648 (1) 0.53
1482 (2) 0.52
1300 0.54 0.0150 36.0
1100 0.59 0.0144 41.0
800 0.65 ) 0.0129 46.8
700 0.77 - 0.0133 57.9
500 0.92 0.0128 71.9
300 1.08 0.0120 90.0
153 1.21 0.0112 108.0
S0 1.27 0.0105 120.%
o 1.33

(1) Reservoir Pressure

(2) Bubble Point Pressure

RS

These analyses, opinions or interpretations are hased an observations and astarial supplied by the _liant to whom, and for whose oxclusive and confidential
use, this report is mede. The interpretations ar opinions axpressed represant the best judgesent of Care laborwtories, Inc. (all errors and omissions
excepted); but Core laborataries, Inc. and its officers and esployees, assume no responsibility and maks no warTenty of representations as to the produc
tivity, proper operation. or ofitablanass of any cil, gas or other minera) well or sand in comnection with which such report is used or reliad upon.
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CORE LABORATORIES. INC.
Reservoir Fluid Analysis
Page 8 of 12

File  ARFI~860042
Well  Iottie No. 1

SEPARATOR TESTS OF RESERVOIR FLUID SAMPLE

Separator Gas/0il Gas/0il Tank Oil Formation séparator
Pressure, Temp., Ratio Ratio Gravity, Volume Volume Gas
PSIG Or, (1) (2) OAPT @ 60°F. Factor(3) Factor(4) Gravi
50 100 427 447 1.046 0.881%*
to
0 70 51 _51 42.7 1.305 1.004 1.27%
498
100 100 366 393 1.074 0.829%
to
0 70 94 _95 42.9 1.298 1.006 1.326
488
125 100 344 . 374 1.087 0.812%
to
0 70 115 116 42.9 1.299 1.005 1.330
490
150 100 325 357 1.099 0.7%94%
to .
0 70 133 134 42.9 1.300 1.008 1.330
491
(1) Gas/0il Ratio in cubic feet of gas at 15.025 psia and 60°F. per barrel of oil

at indicated pressure and temperature.

(2) Gas/0Oil Ratio in cubic feet of gas at 15.025 psia and 60°F. per barrel of stock
tank oil at 60°F.
(3) Formation Volume Factor is barrels of saturated oil at 1482 psig and 170°F.
’ perbarrelofstodctam(oa.latsoof‘
(4) Separator Volume Factor is barrels of oil at indicated pressure and temperature
per barrel of stock tank oil at 60CF.
These analyses, qwumscrimmutmmuudmmnmmutmwwmchmtwm.mfcrm-mlu:‘ and confidential
use, this report is msde. hnmtmutmc-opmmsdmtﬂnmjwdmubu\tm.m (211 ervors and cmissions
axcepted); but Core Laboretories, Inc. and its officers and esploywees, astumm no responsibility and maka rno warrenty or reprerentations »3 to© the produc-

tivity, proper opsretion, or grofitablensss of any oil, gas or other ainersl well or sand in conmection with which such reprt is used or relisd gmn.
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VISCOSITY OF RESERVOIR FLUID
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RESERVOIR PRESSURE — PSIA
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CORE LABORATORIES. INcC.
Reservoir Fluid Analysis
Page_ 7 of 12
File_ ARFT~860042
Well  Iottie No. 1

VISCOSTTY DATA AT 170°F.

Calculated 0il/Gas

Pressure, oil Viscos:.ty, Gas Viscosity, Viscosity
_PSIc _Centipoise —Centipoise —_Ratio
5000 0.69
4000 0.64
3000 0.59
2000 0.55
1648(1) . 0,53 S
1482(2) 0.52 O15% 337 e/
1300 0.54 0.0150 36.0
1100 0.59 0.0144 41.0
900 0.65 ) 0.0129 46.8
700 0.77 - 0.0133 57.9
500 0.92 0.0128 71.9
300 1.08 0.0120 90.0
153 1.21 0.0112 108.0
90 1.27 0.0105 120.9
0 1.33

(1) Reservoir Pressure
(2) Bubble Point Pressure

o——

_ Thase analyses, opinicns ar imterpretations are bhised an cbearvetiors axd mtarial supplied by the _liant t© wom, and for wose axclusive and confidential

use, this report is asds. The interpretations of Opinions expressed represent the best judpesent of Gxwe Laboretorias, Inc. (all avors ad aalssions
. excepted), but Core laboretories, Inc. and its offiowrs and erployess, assume no responsidility end Feks NO WAITENtY OF represeantitions as to the produc-
tivity, roper oparetion. o mofitablaness of any cil. gas Or othar mirmrel well or sand in cINection wvith which such renmsw iz used an relisd uoen
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RELATIVE PERMEABILITY RATIOS

ESTIMATED FROM FIELD DATA

McHUGH NATIVE SON #2

Top A Zone +485

(Top A Zone A P

fram +370) -654#

{Base C Zone

fram +370) +354
Month Dec. 1985 Feb. 1986 April 1986 June 1986
Pressures:

Est. Datum 1575 1540 1500 1450
BEst. Top A Zone 1510 1475 1435 1385

BEst. Bottam C Zone 1610 1575 1535 1485
Average P 1560 1525 1485 1435
GOR 1447 1934 2259 2835
Rs 580 580 570 560
_ao/hg 30 31 32 33
Bg (SCF/bhl) 584 571 556 537
Bo 1.38 1.38 1.38 1.38
Kg/Ko* .036 . 055 .069 .093
Total liquid

saturation for

B.P. = 1500% 100 99, 2-100 98.3-100 97.4-99.5
Total liquid

saturation for

B.P. = 1550% 98.8-100 98.1-100 97.4-99.5 96.6-98.3
Total liquid

saturation for

B.P. = 1600# 97.8-100 97.2-99.2 96.6-98.1 95.9-97.4

* Rg/Ko = R—Rs) ,ug>
BoBg A0

\
Produced GOR, cf/bbl
Gas in Solution, cf/bbl

Gas FVF, SCF/bbl

R
Rs
Bo
Bg
ug/uwo

Ratio of Gas to 0il Viscosities

0il FVF, reserwoir bbl/stock tank bbl
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Fluid Properties

Fluid property information was available for three wells:

1. McHugh, Loddy #1
2. McHugh, Native Son #3
3.

BMG, Canado Ojitos Unit #12-11

After correcting the fluid property informapion to a common set of
separator conditions, the Loddy #1 and COU #12-11 samples agreed
quite closely both with respect to bubble point pressure (1482 psig
and 1519 psig respectively) and trend 1in o0il formation volume
factor. It was concluded that the Native Son #3 sample was
therefore not representative. The remaining samples were both taken
after significant production from their respective pools-—and it

i e point pressdre
had
pbubble point

sflected true reservoir conditions or if some gas evoluti
urred prior to sampling. Evidence that a highe
existed~dinjitiall ip he i

reservoir csund in the absence of
initial solution gas-o0il ratios early in the 1life of the pool
indicating an early pressure decline below the original bubble point
pressure. Consequently, the lab reported data was corrected to an
assumed bubble point pressure of 1770 psia which is the original
pressure at the top of the Niobrara "A" section of the Gavilan
Howard #1 which was found to be o0il bearing. The fluid properties
contained in the attached tables and plots reflect this
extrapolation to the higher bubble point pressure. 1t should be
noted that the adjusted 1initial dissolved gas-o0il ratio for the
Loddy #1 (which was the final sample selected) amounted to 646 cubic
feet per barrel and agreed quite closely with the initial producing
gas-oil ratio of the Rucker Lake #2 which was approximately 650

cubic feet per barrel for several months.
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