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PRESSURE AT -*<• 370 ' AS L - PSIA 

WEIGHTED AVERAGE G A S - O I L RATIO _ S C F / B B L . 
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RESERVOIR FLUID STUDY 

for 

Jerome p. McHugh and Associates 

Lottie No. 1 Well 
Lindrith Unit Field 

Sandoval County, New Mexico 
File Number: ARFL-860042 



CORE LABORATORIES, INC. 
Reservoir Fluid Analysis 

Page. Of 12 
File ARFL-860042 

Ctampanv Jerome P. McHugh and Associates Date Sampled February 26, 1986 

Well Lottie No. 1 County Sandoval 

Field Iiindrith Unit ' State Nev Mexico 

FORMATION CHARACTERISTICS 

Formation Name 
Date First Well Completed 
Original Reservoir Pressure 
Original Produced Gas/Oil Ratio 

Production Rate 
Separator Pressure and Temperature 
Oil Gravity at 60°F. 

Datum 
Original Gas Cap 

Gallup Mancos 

PSIG @ 

PSIG 

Ft. 
.SCF/Bbl 
Bbl/Day 

°F. 
°API 

Ft. Subsea 

WELL CHAPACTFJIISTICS 
Elevation 
Total Depth-
Producing Interval 
Tubing Size and Depth 
Productivity index 
Last Reservoir Pressure 

Date 
Reservoir Temperature 
Status of Well 
Pressure Gauge 

Normal Production Rate 
Gas/Oil Ratio 
Separator Pressure and Temperature 
Base Pressure 

Well Making Water 

7155 GL 
PD 8130 TD 8175 
6822-7122 
2 7/8 In. to 7148 

.Bbl/D/PSI @_ 
1648 PSIG @ 6994 

Ft. 
I t . 
Ft. 
Ft. 

.Bbl/Day 
Ft. 

February 26, 1986 
170 °F. 6 6994 Ft. 
Shut in since September 10, 1985 
Amerada 

; Bbl/Day 
SCF/Bbl 

°F. 
_PSIA 
% cut 

.PSIG, 

SAMPLING CONDITIONS 

Sampled at 
Status of Well 

Gas/Oil Ratio 
Separator Pressure and Temperature 
Tubing Pressure 
Casing Pressure 

Sampled by 
Type Sampler 

6994 • Ft. 
Shut in 

SCF/Bbl 
PSIG. °F. 

354 PSIG 
1312 PSIG 
Tefteller, Inc. 
Wofford 

REMARKS: 

7h*s* «n*ly««s, opinion* or interpretations ar* b*Md on observations and wtcriaj, mppLiarl by th* client to trfn, and /or ttoM axelusiv* and oon/ioantiil 
UM, this report is aaa*. Tht interpretations or opinions expressed represent tht but VitniewiiT of Car* Laboratories, Ire. (all error* end eeusaiona 
Tjr?rTI"^>-. '"'it *>r* l.i**n-w»««s, Tne. and it* officer* and <*ploy*«s, u u no responsibility and mkm no wmnty or representations is to tht produc-
':,v.u'.' :irz<vn ..i-MLi-itt „• ::J rot lLacLanes.4 of aj"<y Gi„, g.t» cr •: * *-;!iiv * ,< ' :i i" > :i3f*esci icz\ v'irj< i._f- -fjt'j: r-i<<r" : a. "*r "Trr 



CORE LABORATORIES. INC. 
Reservoir Fluid Analysis 

Pace 2 of 12 
File ARFL-860042 
Well Lottie No. 1 

SUMMARY OF SAMPLES RECEIVED IN LABORATORY 

Subsurface Fluid Samples 

Laboratory Bubble Point Pressure 

Cylinder Pressure, Temperature, 
Number PSIG °F. 

SS-2049* 1135 72 
SS-708 1132 72 

* Selected for use in reservoir fluid study. 

Thu* wilvMi, opinions or interpretations are bsssd on observations end eaterial supplied by tht client to whoa, end for ttaee exclusive end oan/idential 
use, this report is aade. The interpretations or opinions expressed represent the best judaeeent of Core Laboratories, Inc. (all errors end oeissiona 
excepted); but Cor* Laboratories, Inc. and its officers and enployees, aseunt no responsibility and sake no warranty or representations as to the produc-



CORE LABORATORIES. INC. 
Reservoir Fluid Analysis 

Pace 3 of 12 
File ARFL-860042 
Well Lottie No. 1 

HYDROCARBON ANALYSIS OF RESERVOIR FLUID SAMPLE 

Mol Weight 
Corroonent Percent Percent 

Hydrogen Sulfide 0.00 0.00 
Carbon Dioxide 0.00 0.00 
Nitrogen 0.08 0.02 
Methane 24.58 3.64 
Ethane 8.79 2.44 
Propane 7.77 '3.17 
iso-Butane 1.42 0.77 
n-Butane 4.66 2.50 -
iso-Pentane 2.05 1.37 
n-Pentane 2.61 1.74 
Hexanes 3.72 2.88 
Heptanes plus 44.32 .81.47 

100.00 100.00 

Density, 
Gm/Cc @ 60°F. 

°API 
8 60°F. 

Molecular 
Weight 

0.8335 38.1 199 

Th*M analyses, opinions or interpretations are based on observations end eaterial supplier! by the client to whoa, and for whose exclusive end confidential 
u^, this report is aade. Th* interpretation* or opinions expressed represent the best judgement of Core Laboratories, Inc. (all error* and oaiaaiona 
•xeenradli >»if Co™ uimtnr ia i . Iw. «nd its offiisers and < « 1 O « M . no weaeenaibilitv MnD mtkm no tm̂ rmmr" >— v i • *» —• **• •—-*»— 



CORE LABORATORIES, INC. 
Reservoir Fluid Analysis 

Pace 4 of 12 
File ARFL-860042 
Well Lottie No. 1 

VOLUMETRIC DATA OF RESERVOIR FLUID SAMPLE 

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

Specific volume at saturation pressure £^7o^291~ft 3 / l b @ lT^F."^""^) 

Thermal expansion @ 5000 PSIG = 1.05109 V @ 170°F./V @ 75°F. 

Compressibility § 170°F.: 

From 5000 PSIG to 4000 PSIG = 8.82 x 10"6 V/V/PSI 

From 4000 PSIG to 3000 PSIG = 9.92 x 10"6 V/V/PSI 

From 3000 PSIG to 2000"PSIG = 11.09 x 10"6 V/V/PSI 

From 2000 PSIG to 1482 PSIG = 12.41 X 10"6 V/V/PSI 

7^ y- *~ 

These tu ly tu , opinions or intcrprrutions srs based on cfeeervetions end eatcrisl supplied by the client to whoa, end for Wnee exclusive end confidential 
use, this report is eeOa. The interpretations or opinions expressed represent the best juageeent of Core Laboratories, Ine. (ell errors end amissions 
excepted); but Cor* laboratories. Inc. end its officers end employees, essune no responsibility and take no warranty or representations as to tht produc-
»-<"**Y ~~*>T*t~\*T<. ^^fitablenest <*f anv oi l . see ar Athmi* mismr*) or. aanrt in laaraution with *4u*sh auefc I«»UIIM xm uaad or relied uaon. 



CORE LABORATORIES. INC. 
Reservoir Fluid Analysis 

Pace 5 of 12 
File ARFL-860042 
Well Lottie No. 1 

PRESSURE-VOLUME RELATIONS AT 170°F. 
(Constant Composition Expansion) 

Pressure, Relative Y 
PSIG Volumefl) Function 

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 0.9998 
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 1.958 
793 1.4575 1.864 
673 1.6631 1.773 
522 2.0745 1.664 
396 2.6922 1.561 
288 3.6447 1.490 

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

(2) Y Function (Psat-P^ 

(Pabs)(V/Vsat-1) 

(3) Reservoir Pressure 

(4) Bubble Point Pressure 

The** Analyses, opinions or interpretations ere based on observations and eaterial supplied by ths client to whoa, end for uhoee exclusive end confidential 
use, this report is tude. Tht interpret*!ions or opinions expressed represent the best judgeeeort of Core Laboratories, Inc. (all errors snd amissions 
excepted), but Core laboratories. Inc. and its officers and enployees, ateuea no responsibility snd sake no warranty or representations as to tht produc-
-iv'-- -T--J- — : s — j - - — — mfitableness at any oil . gaa or other aiiieral well or sand in oomection with which such leuurt is used or relied upon. 
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CORE LABORATORIES, INC. 
Reservoir Fluid Analysis 

Page 
Fi l e . 
Well 

of 12 
ARFL-860042 
Lottie No. 1 

VISCOSITY DATA AT 170°F. 

Pressure, 
PSIG 

5000 
4000 
3000 
2000 
1648(1) 
1482(2) 
1300 
1100 
900 
700 
500 
300 
153 
90 
0 

Oil Viscosity, 
Centipoise 

0.69 
0.64 
0.59 
0.55 
0.53 
0.52 
0.54 
0.59 
0.65 
0.77 
0.92 
1.08 
1.21 
1.27 
1.33 

Calculated 
Gas Viscosity, 

Centipoise 

0.0150 
0.0144 
0.0\39 
0.0133 
0.0128 
0.0120 
0.0112 
0.0105 

Oil/Gas 
Viscosity 

Ratio 

36.0 
41.0 
46.8 
57.9 
71.9 
90.0 
108.0 
120.9 

(1) Reservoir Pressure 

(2) Bubble Point Pressure 

These analyses, opinions or interpretations art based an observations and materiel supplied by tha .iant to whoa, and for whose exclusive and confidential 
use, this report is sade. The interpretations or opinions expressed represent ths best judjjtient of Cora Laboratories, Inc. (al l errors end omissions 
excepted); but Core Laboratories, Inc. and i ts officers and employees, as sum no responsibility and rake no warranty or representations as to tht produc­
t iv i ty , proper operation, or profitableness of any o i l , (as or other mir>rr*i well or sand in connection with which such report is used or relied upon. 



CORE LABORATORIES. INC. 
Reservoir Fluid Analysis 

Page 8 of 12 
File ARFL-860042 
Well Lottie No. 1 

SEPARATOR TESTS OF RESERVOIR FLUID SAMPLE 

Separator Gas/Oil Gas/Oil Tank Oil Formation Separator 
Pressure, Temp., Ratio Ratio Gravity, Volume Volume Gas 

PSIG °F. m (2) °API e 60°F. Factor f 3") FactorM Gravity 

50 100 427 447 1.046 0.881* 
to 

0 70 51 51 42.7 1.305 1.004 1.275 
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 0.794* 
to 
0 70 133 134 42.9 1.300 1.005 1.330 

491 

(1) Gas/Oil Ratio in cubic feet of gas at 15.025 psia and 60°F. per barrel of oil 
at indicated pressure and temperature. 

(2) Gas/Oil 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. 
per barrel of stock tank oil at 60°F. 

(4) Separator Volume Factor is barrels of oil at indicated pressure and temperature 
per barrel of stock tank oil at 60°F. 

Theee analyses, opinion* or interpretations are based on observations and materiel supplier! by th* client to whoa, and for who** excluf'v* and confidential 
use, this report is eaoe. The interpretations or opinions expressed represent the best judgement of Cora Laboratories, Ine. (all errors and omissions 
excepted>i but Core Laboratories, Inc. and its officers and eeployees, ascunt no responsibility and sake no warranty or representations as to th* produc­
tivity, proper operation, or profitableness of any oil, fas or other mineral well or send in connection with which such report ia ueed or relied upon. 
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TOTAL LIQUID SATURATION - PERCENT OF PORE SPACE 
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CALCULATED SOLUTION GAS DRIVE 
PRODUCTION HISTORIES 

For 
FRACTURED FORMATIONS ( CURVE "A" ) 

ANO 

PVT DATA FOR WEST PUERTO CHIQUITO fCOU K-13) 

AND GAVILAN (LOTTIE # 1 ) 



CORE LABORATORIES. INC. 
Reservoir Fluid Analysis 

Pace 7 of 12 
File ARFL-860042 
Well Lottie No. 1 

VTSOOSITY DATA AT 170°F. 

Pressure, 
PSIG 

5000 
4000 
3000 
2000 
1648(1) 
1482(2) 
1300 
1100 
900 
700 
500 
300 
153 
90 
0 

Oil Viscosity, 
Centipoise 

0.69 
0.64 
0.59 
0.55 
0.53 
0.52 
0.54 
0.59 
0.65 
0.77 
0.92 
1.08 
1.21 
1.27 
1.33 

Calculated 
Gas Viscosity, 

Centipoise 

0.0150 
0.0144 
0.0129 
0.0133 
0.0128 
0.0120 
0.0112 
0.0105 

Oil/Gas 
Viscosity 

Ratio 

3J,3 
36.0 
41.0 
46.3 
57.9 
71.9 
90.0 
108.0 
120.9 

(1) Reservoir Pressure 

(2) Bubble Point Pressure 

These analyses, opinions or interpretations ar* 1*1*1 on observations and aatariai supplier! by th* -iient to <ahoa, and for what* exclusive and oanfidantlai 
UM, this report is ano*. Th* interpretatiune or opinion* expressed represent th* bast judjaeant af Cora laboratories. Inc. (all arrors and oaisaiona 
eacepted), but Cant Uboratorias, Inc. and its officers and aefUoyeee, im na no responsibility end pake na tan-renty or repreaantations as to the procajc-
tivity, proper operation, or orafitablenesa of anv o i l . sea or other aineral well tr sand in eanneetien wit-h uhien •«!*» n m " v* umm* » i<alXad uaan. 



Point* From Lottie #1 
PVT Data 

RATIO OF VISCOSITIES 

OIL TO GAS 
FOR 

GAVILAN MANCOS 

10 I M > 1 I 1 I I M I I 1 I M I I I I I I I I I I M I , I M I I I I I I I I I I I M 
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TOTAL LIQUID SATURATION 
VERSUS PRESSURE 
GAVILAN PVT DATA 



RELATIVE PERMEABILITY RATIOS 
ESTIMATED PROM FIELD DATA 

McHtJGH NATIVE SON #2 

Top A Zone +485 

(Top A Zone A P 
frcm +370) -65# 

(Base C Zone 
from +370) +35# 

Month Dec. 1985 Feb. 1986 April 1986 June 1986 

Pressures: 
Est. Datum 1575 1540 1500 1450 
Est. Top A Zone 1510 1475 1435 1385 
Est. Bottom C Zone 1610 1575 1535 1485 
Average P 1560 1525 1485 1435 

GOR 1447 1934 2259 2835 
Rs 580 580 570 560 

jao/pg 30 31 32 33 
Bg (SCF/bbl) 584 571 556 537 
Bo 1.38 1.38 1.38 1.38 

Kg/Ko* .036 .055 .069 .093 

Total l iqu id 
saturation for 
3.P. = 1500# 100 99.2-100 98.3-100 97.4-99.5 

Total l iqu id 
saturation for 
B.P. = 1550# 98.8-100 98.1-100 97.4-99.5 96.6-98.3 

Total l iqu id 
saturation for 
B.P. = 1600# 97.8-100 97.2-99.2 96.6-98.1 95.9-97.4 

Kg/Ko = (W - Rs) / m 
BoBg / ( MO 

R = Produced GOR, c f /bb l 
Rs = Gas i n Solution, c f / bb l 
Bo = Oi l FVF, reservoir bbl/stock tank bbl 
3g = Gas FVF, SCF/bbl 
ug/uo = Ratio of Gas to Oi l Viscosities 
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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 f l u i d property information 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 i n o i l formation volume 

factor. I t was concluded that the Native Son #3 sample was 

therefore not representative. The remaining samples were both taken 

after s i g n i f i c a n t production from t h e i r respective pools ̂ n d i t 

could__jao_t_-b«—dotocainad—if—UM—I*K r a p n r ^ i r MIKMoT^nVnt pressure 

ilected true reservoir conditions or i f some gas evolut>e*n had 

occurred prior to sampling. Evidence that a hijjhex—-btfbble point 

<>Yi a t e r l ^ i n i t t a l l y i n the Reservoir is^-ffflmel i n the absence of 

i n i t i a l solution gas-oil ratios early i n the l i f e of the pool 

indicating an early pressure decline below the o r i g i n a l bubble point 

pressure. Consequently, the lab reported data was corrected to an 

assumed bubble point pressure of 1770 psia which is the o r i g i n a l 

pressure at the top of the Niobrara "A" section of the Gavilan 

Howard #1 which was found to be o i l bearing. The f l u i d properties 

contained i n the attached tables and plots r e f l e c t t h i s 

extrapolation to the higher bubble point pressure. I t should be 

noted that the adjusted i n i t i a l dissolved gas-oil r a t i o for the 

Loddy #1 (which was the f i n a l sample selected) amounted to 646 cubic 

feet per barrel and agreed quite closely with the i n i t i a l producing 

gas-oil r a t i o of the Rucker Lake #2 which was approximately 650 

cubic feet per barrel for several months. 


